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PREFACE 


TO  THE 


FOURTH    EDITION. 


This  book,  though  nominally  a  fourth  edition,  is  practically 
speaking  a  new  work.  The  progress  of  Bacteriology  has  been 
very  rapid,  and  many  new  investigations  have  been  made  in 
connection  with  the  etiology,  prevention  and  treatment  of 
communicable  diseases.  It  has  been  necessary  to  reconstruct, 
enlarge  and  thoroughly  revise  the  text  of  the  third  edition, 
and  I  have  added  twenty-six  chapters. 

The  most  important  researches  conducted  in  bacteriological 
laboratories  are  those  relating  to  the  contagia.  In  many 
diseases  of  man  and  animals  it  has  not  been  possible  to 
identify  the  contagium  with  a  bacterium,  or  indeed  with  any 
micro-organism ;  but  when  the  virus  is  chemically  examined, 
or  investigated  with  a  view  to  protective  inoculation,  or  utilised 
for  experiments  in  serum-therapeutics,  such  researches  are 
within  the  province  of  the  bacteriologist. 

The  recognition  of  the  fact  that  in  so  many  diseases  the 
nature  of  the  contagium  has  not  yet  been  determined  will 
have  the  effect  of  encouraging  continued  activity  in  this 
important  field  of  scientific  investigation. 

I  hope  that  this  work  will  continue  to  be  of  use  as  a  text- 
book for  the  bacteriological  laboratory,  and  that  the  chapters 
on  the  etiology  and  prevention  of  the  communicable  diseases 
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of  man  and  animals  will  be  not  only  of  scientific  interest, 
but  of  practical  value  to  Medical  Officers  of  Health  and 
Veterinary  Inspectors. 

I  have  divided  the  book  into  three  parts.  Part  I.  is 
mainly  technical,  and  includes  the  most  recent  methods 
employed  in  studying  bacteria  and  investigating  the  etiology 
of  disease.  Part  II.  deals  with  infective  diseases  and  the 
bacteria  associated  with  them.  Any  clinical  or  pathological 
evidence  which  may  help  to  throw  light  on  the  nature  and 
origin  of  the  contagia  is  taken  into  account.  The  most 
effectual  measures  for  stamping  out  these  diseases  are 
referred  to,  as  they  are  intimately  connected  with  a 
knowledge  of  the  life-history  of  micro-organisms.  Part  III. 
contains]  descriptions  of  about  five  hundred  bacteria.  Many 
are  of  no  practical  importance  and  of  very  little  scientific 
interest,  but  a  text-book  for  the  laboratory  cannot  be  con- 
sidered comi)lete  unless  an  account  is  given  of  all  bacteria 
which  have  been  more  or  less  completely  investigated.  I 
have  endeavoured  to  refer  to  the  original  descriptions  and 
to  verily  them  by  comparison  with  actual  cultivations,  but 
in  a  very  great  number  of  instances  this  has  been  quite 
impossible,  and  I  desire  to  acknowledge  the  assistance  I  have 
received  from  the  works  of  several  authors,  especially  those 
of  Fltigge,  Frankel,  Eisenberg,  Baumgarten,  Franklaud, 
Sternberg,  Lehmann  and  Neumann. 

I^-^have  rearranged  the  bibliography  according  to  the 
chapters,^and  the  names  of  authors  are  given  in  alphabetical 
order.  With  the  aid  of  the  current  numbers  of  the  Annalea 
(h  VInstitut  Pasteur,  the  Zeitschrift  filr  Hygiene,  the 
Centralblatt  J'ilr  Bakteriologie  und  rarasitenkunde,  and  the 
Journal  of  Comparative  Pathology  and  Bacteriology,  it  is 
possible  to  become  acquainted  with  the  most  recent  litera- 
ture of  the  subject. 

Many  of  the  coloured  plates  illustratiug  the  last  edition 
have  not  been  reproduced.  Those  substituted  for  them  have 
been  drawn  from   my  own  preparations,  and  most  of  them 


PREFACE  TO  THE   FOURTH   EDITION.  IX 

have  already  appeared  in  my  Reports  to  the  Board  of 
Agriculture  and  in  other  publications. 

One  hundred  and  thirty-three  woodcuts  and  photographs 
have  been  added  in  the  text,  and  I  have  reverted  to  the  plan 
which  I  adopted  in  the  second  edition,  of  having  many  of 
them  printed  in  colours. 

I  take  this  opportunity  of  thanking  Professor  Frankel  for 
kindly  permitting  me  to  reproduce  some  of  the  photographs 
in  his  excellent  Atlas. 

I  am  particularly  indebted  to  Professor  Hamilton  for 
the  use  of  clickcs  of  figures  in  his  classical  treatise  on 
Pathology,  and  to  the  New  Sydenham  Society  for  several 
from  the  English  translation  of  Professor  Fltigge's  well- 
known  work  on  micro-organisms. 

To  my  Demonstrator,  Dr.  George  Newman,  D.P.H.,  I  am 
indebted  for  much  assistance  in  correcting  the  proof-sheets, 
and  for  the  preparation  of  an  index. 

EDGAR  M.  CROOKSHANK. 

Saint  Hill,  East  Orinstead,  Sussex, 
Avgnttt  Ut,  1896. 

P.S. — Since  this  work  was  finally  passed  for  press  the  con- 
clusions of  the  Roval  Vaccination  Commissioners  have  been 
published.  I  have  at  the  last  moment  added  extracts  in  the 
form  of  a  supplementary  Appendix.  E.  M.  C. 

September  mh,  189«. 
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DESCRIPTION     OF     PLATES. 


DESCIUPTION    OF    I'lATK    I. 

Bacteria,  Schizomycetes,  or  Fission  Fungi. 

Following  p.  \A. 

1.  Cocci  singly  and  varying  in  size.  2.  Cocci  in  chains  or  rosaries  (strepto- 
coccus). 3.  Cocci  in  a  mass  (staphylococcus).  4  and  5.  Cocci  in  pairs 
(diplococcus).  6.  Cocci  in  groups  of  four  (merismopedia).  7.  Cocci  in  packets 
(sarcina).  8.  Bacttrivm  tftmo.  9.  Bacterium  termo  x  4000  (Dallinger  and 
Drysdnle).  10.  Bactfrinm  9€jftic€twi<g  htnHOrrhagiccp.  11.  Bacterium  pnrti^ 
mtmite  croupotee.  12.  Baeilltat  tubiilu.  13.  Bacillus  muriseptictu,  14. 
Baeillvs  diphtheritP.  15.  Baeillus  ti/jf/tvuut  (Eborth).  16.  Spirillum  ujidula 
(Cohn).  17.  Spirillum  volvians  (Cohn).  18.  Sjnrillum  cholerat  Atiatictr. 
19.  Spirillum  Ohermeieri  (Koch).  20.  Spiroehteta  plicatilit  (FlUgge).  21. 
Vibriit  rugvla  (Prazmowski).  22.  Cladothriw  Fortteri  (Cohn).  23.  Cladcihrix 
dichotoma  (Cohn).  24.  Mona*  Okenii  (Cohn).  25.  Afonas  Warmijigii  (Cohn). 
2H.  Rhahdomona$  rosea  (Cohn).  27.  Hpore-formation  {Bacillus  alvfi).  28. 
Spore-formation  {Bacillus  anthracis),  29.  iSpore-formation  in  bacilli  cultivated 
from  a  rotten  melon  (Frankel  and  PfeifTer).  80.  bpore-formation  in  bacilli 
cultivated  from  earth  (FrSnkeland  Pfeiffer).  31.  Involution-form  of  Crerwthrix 
(Zopf).  32.  Involution-forms  of  Vibrio  serpens  (Warming).  33.  Involution- 
forms  of  Vibrio  rugula  (Warming).  34.  Involution-forms  of  Clostridium 
polymyxa  (after  l^razmowski).  35.  Involution-forms  of  Spirillum  cholera 
Asiatiote.  36.  Involution-forms  of  Bacterium  acetl  (Zopf  and  Hansen). 
37.  Spirulina-form  of  Beggiatoa  alba  (Zopf).  38.  Various  thread-forms  of 
Bacterium  merismcpedi aides  (Zopf).    39.  False* brandling  of  Cladotliriw{7,opf). 

DESCRIPTIOX    OF    PLATE    II. 

Pore-cultivations  of  Bacteria. 

Following  p.  100. 

Fig.  1. — Jn  the  depth  of  Avtrient  Oelatirie.  A  pure-cultivation  of  Koch's 
comma-bacillus  (Spirillum  cholerro  Asiaticse)  slowing  in  the  truck  of 
the  needle  a  funnel-shaped  area  of  liquefaction  enclosing  an  air-bulible, 
and  a  white  thread.  Similar  appearances  are  produced  in  cultivations  of 
the  comma-bacillus  of  Metchnikoff. 

Via.  2. — On  the  surface  of  Nutrient  Gelatine.  A  pure-cultivation  of  Bacillus 
typliof  us  on  the  surface  of  obliquely  solidified  nutrient  gelatine. 
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Fio.  3. —  On  the  surface  of  Nutrient  Agar-aga/r,  Pure-cultivation  of  Bacillus 
indicos  on  the  surface  of  obliquely  solidified  nutrient  agar-agar.  The 
growth  has  the  colour  of  red  sealing-Waz,  and  a  peculiar  crinkle<l 
appearance.  After  some  days  it  loses  its  bright  colour  and  becomes 
purplish,  like  an  old  cultivation  of  Micrococcus  prodigiosus. 

Fig.  4. — On  the  tufface  of  Ktitrient  Agar-agar,  A  pure-cultivation  obtained 
from  an  abscess  (Staphylococcus  pyogenes  aureus). 

Fig.  5. — On  the  mrface  cf  Nutrient  Agar-agar.  A  pure-cultivation  obtained 
from  green  pus  (Bacillus  pyocyaneus).  The  growth  forms  a  whitish, 
transparent  layer,  composed  of  slender  bacilli,  and  the  green  pigment 
is  diffused  throughout  the  nutrient  jelly.  The  growth  appears  green  by 
transmitted  light,  owing  to  the  colour  of  the  jelly  behind  it. 

FiO.  (). — On  the  turf  ace  of  Potato.  A  pure-cultivation  of  the  bacillus  of 
glanders  on  the  surface  of  sterilised  potato. 


DESCRIPTION    OF    PLATE    III. 

Flate-cnltivation. 

FoUomng  p.  108. 

This  represents  the  appearance  of  a  plate-cultivation  of  the  comma-bacillus 
of  Cholera  nostras,  when  it.  is  examined  over  a  slab  of  blackened  plate-glass. 
The  drawing  was  made  from  a  typical  result  of  thinning  out  the  colonies  by 
the  process  of  plate-cultivation.  At  this  stage  they  were  completely  isolated 
one  from  the  other ;  but  later  they  became  confluent,  and  produced  complete 
liquefaction  of  the  gelatine. 

DESCRIPTION    OF    PLATE    IV. 

Streptococcus  Pyogenes. 

Following  p.  178. 

Fig.   1. — From  a  cover-glass  preparation  of   pus  from   a  pyaemic  abscess. 
Stained  with  gentian- violet  by  the  method  of  Gram,  and  contrast-stained 
with  eosin.     x  1200.     Powell  and  I^ealand's  apochromatic  yV  Hom.  imm. 
E.  P.  10. 
Fig.  2. — From  cover-glass  preparations  of  artificial  cultivations  of  the  strepto- 
coccus in  broth  and  in  milk  at  different  stages  of  growth,    x  1200.    Powell 
and  Lealand's  apochromatic  tS  Hom.  imm.     E.  P.  10. 
In  these  preparations  there  is  a  great  diversity  in  size  and  form   of  the 
chains  and  their  component  elements.     In  the  drawing  examples  are 
figured  of  the  following: 
(a)  Branched  chains. 
(h)  Simple  chains-  composed  of  elements  much   smaller  than  the 

average  size. 
(<;)  Chains  with  spherical  and  spindle-shaped  elements  at  irregular 
intervals.    These  are  conspicuous  by  their  size,  and  are  sometimes 
terminal. 
{d  tf)  Chains  in  which  the  elements  are  more  or  less  uniform  in  size. 
(/)  Complex  chains  with  elements  dividing  both  longitudinally  and 
transversely,  and  varying  considerably  in  size  in  different  lengths 
of  the  same  chain. 


XXIV  DESCRIPTION   OF  PLATES. 

1)KSC'RI1»TI0N    OF    PIATE    V. 

Bacillus  Anthradi. 

FoUottinff  p.  102. 

Fig.  1.— From  a  cover-glass  preparation  of  blood  from  the  spleen  of  a  guinea- 
pig  inoculated  with  bloo<l  from  a  sow.  x  1200.  Powell  and  I^ealand'H 
apochromatic  ^  Horn.  inim.     E.  V.  10. 

Fia.  2. — From  a  section  of  a  kidnev  of  a  mouse.  Under  a  low  power  the 
preparation  has  exactly  the  appearance  of  an  injected  specimen.  Under 
higher  amplification  the  bacilli  are  seen  to  have  threaded  their  way  along 
the  capillaries  between  the  tubules,  and  to  have  collected  in  masses  in 
the  glomeruli.  Stained  with  Gram's  method  (gentian-violet),  and  eosin. 
X  500. 

Fig.  3. — Baeillui  a^Uhracit  and  Microcooofu  tetragmvs.  From  a  section  from 
the  lungs  of  a  mouse  which  had  been  inoculated  with  anthrax  three  days 
after  inoculation  with  Miorocoocus  tetragenui,  A  double  or  mixed  infection 
resulted.  Anthrax-bacilli  occurred  in  vast  numbers,  completely  filling  the 
small  vessels  and  capillaries,  and  in  addition  there  were  great  numbers 
of  tetrads.  Stained  by  Oram's  method  (gentian^violet),  and  with  eosin. 
X  600. 


DESCRIPTION    OF    I'lJVTE    VI. 

Bacillus  Murisepticus. 

.     FolUming  p.  224. 

Fig.  1. — From  a  section  of  a  kidney  of  a  mouse  which  had  died  after  inocula 
tion  with  a  pure-cultivation  of  the  bacillus.    With  moderate  amplification, 
the  white  blood-corpuscles  have  a  granular  appearance,  and  irregular 
granular  masses  are  scattered  between  the  kidney  tubules.    Stained  by 
Gram's  method  with  eosin.     x  200. 

Fig.  2.-— Part  of  the  same  preparation  with  high  amplification.  The  granular 
appearances  are  found  to  be  due  to  the  presence  of  great  numbers  of 
extremely  minute  bacilli,     x  1500. 


DESCRII'TIOX    OF    PLATE    VII. 

Casual  Cow-pox. 

Foiloirinff  p.  27H. 

Fig.  1. — Case  of  W.  P ,  a  milker,  infected  from  the  teats  of  a  cow  with 

natural  cow-pox.  There  was  a  large  depressed  vesicle  with  a  small 
central  crust  and  a  tumid  margin,  the  whole  being  surrounded  by  a 
well-marked  areola  and  considerable  surrounding  induration. 

Fig.  2. — The  same  case  a  week  later,  showing  a  reddish-brown  crust  on  a 
reddened  elevated  and  indurated  base. 
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DESC^RIITIOX  OF  PLATE  VIIL 

Bacillus  diphtheria  and  Bacillus  typhogus, 

Ibllomngp.  S82. 

Fig.  1. — Cover-glass  preparation  from  a  pure-cultivation  of  Bacillus  diph- 

theriie  on  blood  serum  ;  obtained  from  the  throat  in  a  typical  case  of 

diphtheria.    Stained  with  gantian-violet.     x  1200. 
Via.  2. — Cover-glass  preparation  from  a  pure-cultivation  of  Bacillus  typhosus 

on  nutrient-agar ;  from  the  spleen  in  a  case  of  typhoid  fever.    8tained 

with  gentian-violet,     x  1200. 


DESCRIITIOX    OF    PLATES    IX.    AND    X. 

Swine  Fever. 

FoUowimgp,  848. 

Platb  IX. — Pftrt  of  intestine  from  a  typical  case  of  swine  fever,  showing 

scattered  ulcers  and  ulceration  of  the  ileo-c»cal  valve. 
Platb  X. — From  the  same  case  of  swine  fever.    The  lungs  were  extensively 

inflamed  and  partly  consolidated,  and  the  lymphatic  glands  were  enlai^ed 

and  of  a  deep  red  or  reddish -purple  colour. 


DESCRIJLTION    OF    PLATE    XL 

Bacillus  tuberculosis. 

F^Umiwg  p,  878. 

The  figures  in  this  plate  represent  the  bacilli  of  tuberculosis  in 
(liffei*ent  animals,  examined  under  the  same  conditions  of  amplifica- 
tion and  iUumination.      x   1200.     Lamp-light  illumination. 

Fig.  1. — Bacilli  in  pus  from  the  wall  of  a  human  tubercular  cavity.  In 
this  specimen  the  bacilli  are  shorter  than  those  in  tubercular  sputum, 
and  are  very  markedly  beaded. 

Fig.  2. — Bacilli  in  pus  from  a  tubercular  cavity  from  another  case  in  man. 
They  are  present  in  the  preparation  in  enormous  numbers.  The  proto- 
plasm occupies  almo.st  the  whole  of  the  sheath,  and  the  bacilli  are 
strikingly  thin  and  long. 

Fig.  3. — Bacilli  in  sputum  from  an  advanced  case  of  phthisis,  showing 
the  ordinary  appearance  of  bacilli  in  sputum ;  some  beaded,  others 
stained  in  their  entirety ;  occurring  both  singly  and  in  pairs,  and 
in  groups  resembling  Chinese  letters. 

Fig.  4. — Bacilli  in  a  section  from  the  lung  in  a  case  of  tuberculosis  in  man. 
The  bacilli  in  human  tuberculosis  are  found  in,  and  between,  the  tissue 
cells ;  and  sometimes,  as  in  equine  and  bovine  tuberculosis,  m  the 
interior  of  giant  cells,  but  not  so  commonly. 

Fig.  5.— From  a  cover-glass  preparation  of  the  deposit  in  a  sample  of  milk 
from  a  tubercular  cow.  The  bacilli  were  longer  than  the  average 
length  of  bacilli  in  bovine  tissue  sections,  and  many  were  markedly 
beaded. 
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Vui.  (>. — From  a  section  uf  the  brain  in  a  case  of  tabercular  meningitiH  in  u 
calf,  showing  a  giant  cell  containing  bacilli  with  the  characters  usually 
found  in  sections  of  bovine  tuberculosis. 

Fio.  7. — From  a  section  of  the  liver  of  a  pig  with  tuben-le  bacilli  at  the 
margin  of  a  caseous  nodule. 

Fig.  8. — From  a  cover-glass  preparation  of  a  crushed  caseous  mesenteric 
gland  from  a  rabbit  infected  by  ingestion  of  milk  from  a  cow  with 
tuberculosis  of  the  udder. 

Fio.  O.-'-From  a  section  of  lung  in  a  case  of  equine  tuberculosis,  showing  a 
giant  cell  crowded  with  tubercle  bacilli. 

Fio.  10. — From  a  section  of  lung  from  a  case  of  tuberculosis  in  the  cat,  with 
very  numerous  tubercle  bacilli. 

Fia.  11. — From  a  cover-glass  preiiaration  of  a  crushed  caseous  noclula  from 
the  liver  of  a  fowl,  with  masses  of  bacilli.  These  are  for  the  most  part 
short,  straight  rods ;  but  other  forms,  varying  from  long  rods  to  mere 
granules,  are  also  found. 

Fia.  12.— From  sections  of  the  liver  and  of  the  lung  in  a  case  of  tubercu- 
losis of  a  Khiea.  Isolated  bacilli  are  found,  as  well  as  bacilli  packed  in 
large  c*ells,  colonics  of  sinuous  bacilli,  and  very  long  forms  with  terminal 
spore-like  bodies  and  free  oval  grains. 

The  prepanitions  fi-om  which  these  figures  were  drawn  were  all 
stained  by  the  Ziehl-NeelHen  method,  with  the  exception  of  the  first, 
which  was  sttiined  by  Ehrlich's  methcxl. 


DKSCRII'TION    OF    PLATE    XH. 

Tubercular  Mammitis. 

Following  p.  8m. 

Fig.  1.— From  a  section  of  the  udder  of  a  milch  cow.  The  tubercular  deposit 
is  seen  to  invade  the  lobules  of  the  gland.  I/Obules  comparatively  healthy 
are  marked  off,  more  or  less  sharply,  from  the  diseased  ones  in  which  the 
new  growth  in  its  progress  coroprcsdes  and  obliterates  the  alveoli.  Stained 
by  the  Ziehl-Neelsen  method  and  with  methylene-blue.     x  50. 

Flu.  2. — Part  of  the  same  preparation.  On  the  right  of  the  section  part  of  a 
healthy  lobule  is  seen.  On  the  left  a  lobule  is  invaded  by  tubercular  new 
growth  composed  of  round  cells,  epithelioid  cells  and  typical  giant  cells. 
Tubercle  bacilli  can  be  seen  both  singly  and  collected  in  groups.  They 
are  found  in  and  between  the  cells,  and  in   the  interior  of  giant  cells. 

'  Bacilli  may  be  seen  between  the  cells  lining  an  alveolus  and  projecting 
into  its  lumen,     x  800. 


DESCRI1>TI0N    OF    PLATE    XIll. 

Tnbercnlosifl  in  Swine. 

FlaUominff  p.  400. 

Section  of  liver  of  a  pig  with  scattered  tubercular  nodules.    Microscopical 
«ections  of  the  liver  showed  tubercle  bacilli  in  verv  small  numbers. 
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DESCRIPTION    OF    PLATE    XIV. 

Bacillus  Leprtt. 

FoUcwimg  p.  408. 

Fio.  I. — From  a  section  of  the  skin  of  a  leper.  The  section  is,  almost  in 
its  entirety,  stained  red,  and,  with  moderate  amplification,  has  a  finely 
granalar  appearance.  Stained  by  the  Ziehl-Neelsen  method  (carboliscd 
fachsine  and  methylene-blae).     x  200. 

Fio.  2.— Part  of  the  same  preparation  with  high  amplification,  showing  that 
the  appearances  described  above  are  due  entirely  to  an  invasion  of  the 
tissne  by  the  bacilli  of  leprosy,     x  1500. 

DBSCRIITION    OF    PLATES    XV.    AND    XVI. 

Actinomyces. 

FoUoming  p.  -132. 

Plate  XV. 

Fk;.  1. — From  a  preparation  of  the  grains  from  an  actinomycotic  abscess  in 
a  boy ;  examined  in  glycerine.  The  drawing  has  been  made  of  a  com- 
plete rosette  examined  by  focussing  snccessively  the  central  and  peripheral 
portions.  Towards  the  centre  the  extremities  of  the  clubs  are  alone 
visible ;  they  vary  in  si^,  and  if  pressed  upon  by  the  cover-glass  give  the 
appearance  of  an  irregular  mosaic.  Towards  the  periphery  the  clubs  are 
seen  in  profile,  and  their  characteristic  form  recognised.  At  one  part- 
there  are  several  elongated  elements,  composed  of  separate  links,  x  1200. 
FlQ.  2.-^Different  forms  of  clubs  from  preparations  in  which  the  rosettes  have 
been  flattened  out  by  gentle  pressure  on  the  cover-glass,     x  2500. 

(a)  Single  club,  (ft)  Bifid  club.  ((?)  Club  griming  rise  to  four 
secondary  clubs,  {d)  Four  clubs  connected  together,  recalling 
the  form  of  a  bunch  of  bananas,  {e)  Mature  club  with  a  lateral 
bud.  (/)  Apparently  a  further  development  of  the  condition 
represented  at  (e).  {g)  Club  with  a  lateral  bud  and  transverse 
segmentation.  {K)  Single  club  with  double  tranverse  segmenta- 
tion, (i)  Club  with  oblique  segmentation,  {j)  Collection  of 
four  clubs,  one  with  lateral  gemmation,  another  with  oblique 
segmentation.  {Jt)  Club  with  lateral  buds  on  both  sides,  and 
cut  oflf  square  at  the  extremity.  (J)  Club  with  a  daughter  club 
which  bears  at  its  extremity  two  still  smaller  clubs,  (w)  Club 
divided  by  transverse  segmentation  into  four  distinct  elements. 
(»)  Elongated  club  composed  of  several  distinct  elements,  {d)  and 
(^)  Clubs  with  terminal  gemmation,  (y)  Palmate  group  of  clubs, 
(r)  Trilobed  club.  (<)  Club  with  apparently  a  central  channel. 
(t)  Filament  bearing  terminally  a  highly  refractive  oval  body. 

Plate   XVI. 

Fio.  1. — From  a  section  of  a  portion  of  the  growth  removed  from  a  boy 
during  life.  The  tissue  was  hardened  in  alcohol,  and  cnt  in  celloidin. 
The  section  was  stained  by  Gram's  method  and  with  orange-rubin.      x  50. 

Fig.  2. — From  the  same  section.  A  mass  of  extremely  fine  filaments  occupies 
the  central  part  of  the  rosette.  Many  of  the  filaments  have  a  terminal 
enlargement.  The  marginal  part  shows  a  palisade  of  clubs  stained  by  the 
orange-rubin.     x  500. 
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Kiu8.  3  and  4. — From  cover-glass  preparations  of  the  fungus  teased  out  of  the 
new  growths  produced  by  inoculation  of  a  calf  with  pus  from  a  boy 
suffering  from  pulmonary  actinomycosis.  Stained  by  Gram*s  method  and 
orange-rubin.  The  threads  are  stained  blue  and  the  clubs  crimson  (a) 
In  the  younger  clubs  the  thread  can  be  traced  into  the  interior  of  the 
club  (b).  In  some  of  the  older  clubs  the  central  portion  takes  a  yellowish 
stain,  and  in  others  the  protoplasm  is  not  continued  as  a  thread,  but  is 
collected  into  a  spherical  or  ovoid  or  pear-shaped  mass.  In  others,  again, 
irregular  grains  stained  blue  are  scattered  throughout  the  central  portion 
(Fig.  4).     X  1200. 

Fio.  5. — From  a  pure-culture  on  glycerine-agar.  (a)  branching  filaments, 
(ft)  a  mass  of  entangled  filaments.    Gram's  method,     x   1200. 

Fig.  6. — From  a  similar  but  older  cultivation,  (a)  a  filament  with  spores, 
(ft)  chains  of  spores  simulating  streptococci.    Gram's  method.     »  1200. 


DEHCRIITION    OF    PLATES    XVII.    AND    XVIII. 

Actinomycosis  Bovii. 

Following  p.  484. 

Plate   XVII. 

Section  of  an  actinomycotic  tongue  stained  by  the  method  of 
Gram  and  with  eosin. 

Fio.  1. — This  illustrates  the  appearance  which  is  usually  seen  under  a  low 
power,  when  a  section  is  stained  by  Gram's  method  and  with  eosin.  The 
central  portion  of  a  mass  of  the  fung^  is  either  unstained  or  ting^  with 
eosin,  while  the  marginal  portion  is  stained  blue.  The  reverse  is  seen,  as  a 
rule,  in  sections  from  man  ;  although  under  a  low  power  the  general  appear- 
ance of  sections  from  these  two  sources  is  somewhat  similar,     x  50. 

Fig.  2.— a,  ft,  c,  d^  represent  the  earliest  recog^nisable  forms  of  the  ray  fungus 
in  the  interior  of  leucocytes.  In  e  the  club-forms  can  be  recognised.  In 
f  and  g  there  are  small  stellate  groups  of  dubs,     x  600. 

Fig.  3. — A  part  of  the  section  represented  in  Fig.  1,  under  a  high  power.  The 
marginal  line  of  blue  observed  under  a  low  power  is  now  recognised  as  the 
result  of  the  stain  being  limited  to  the  peripherally  arranged  clubs.  At 
(a)  part  of  a  rosette  has  undergone  calcification ;  the  clubs  are  granular, 
and  have  not  retained  the  stain.  At  (ft)  and  close  to  it  there  are  the 
remains  of  rosettes  in  which  the  process  of  calcification  is  almost  complete. 
X  500. 

Plate   XVIIL 

The  figures  in  this  plate  are  taken  from  sections  of  a  case  of 
so-called  *' onteosarcoma/'  in  which  the  growth  of  the  fungus  was 
remarkably  luxuriant.  The  specimens  were  staine<i  by  Plants' 
method. 

Fig.  1. — Different  forms  of  clubs  in  different  specimens :   x  1200. 
(a)  Very  small  club-shaped  elements, 
(ft)  A  club  with  transverse  segmentation. 
(<?)  A  club  with  lateral  daughter  clubs. 
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(d  and  e)  Clabs  with  termiDal  offshoots  resembling  tclentospores. 
(/)  A  club  with  developing  daughter  oiubs  on  the  left,  and  on  the 

right  a  mature  secondary  club. 
(^)  A  segmental  club  with  lateral  offshoots. 
(A)  Two  dubs  undergoing  calcification. 
Fio.  2.— A  very  remarkable  stellate  growth  comprised  of  nine  wedge-8hape<l 
collections  of  clubs  radiating  from  a  mass  of  finely  granular  material. 
X  500. 
Fio.  3. — A  rosette  undergoing  central  calcification,  and  consisting  in  part  of 
extremely  elongated  clubs  resembling  paraphyses.    Calcareous  matter  \» 
also  being  deposited  in  the  club-shaped  structures,     x  500. 
Fio.  4. — Part  of  a   rosette   with  continuation   of    the   club-shaped   bodies 
into  transversely  segmented  branching  cells  apparently  representing  short, 
hyphe.     x  500. 
Fio.  5. — A  rosette  from  another  section  in  which  similar  appearances  are 
observed  as  in  Fig.  4.     x   500. 

DESCRIPTION    OF    PLATE    XIX. 

Ture-cnltiTations  of  Actinomyoes, 

FcUawing  p,  488. 

These  tubes  were  selected  from  a  great  number  of  cultivations 
in  which  there  were  different  appearances.  In  some  instances  the 
growths  had  a  faint  tinge  of  pink. 

Fio.  I. — Pore-cultivation  on  the  surface  of  potato,  showing  a  luxuriant 
sulphur-yellow  growth  entirely  composed  of  entangled  masses  of  fila- 
ments.   After  three  months*  growth. 

Fio.  2. — Pore-culture  from  the  same  series,  on  glycerine-agar.  In  this  case 
the  culture  remained  perfectly  white.  The  jelly  was  coloured  reddish- 
brown.    After  fifteen  months*  growth. 

Fio.  3. — Pure-culture  on  glycerine-agar  in  which  the  growth  was  dark- 
brown,  in  parts  black,  and  the  jelly  stained  dark-brown.  After  nearly 
two  years'  growth. 

DESCRTITION    OF    PLATES    XX.   AND    XXI. 

Actinomycosii  BoyIb. 

Following  p.  449. 

Plate   XX. 

Fio.  1. — From  a  section  of  an  actinomycotic  tongue  stained  by  the  triple 
method  (Ziehl-Neelsen,  logwood  and  orange-rubin).  In  this  section  the 
separate  centres  of  growth  are  clearly  shown.  Each  neoplasm  consists  of 
a  fungus  system,  in  which  the  masses  of  the  fungus,  situated  more  or  less 
centrally,  are  surrounded  with  round  cells,  epithelioid  cells,  sometimes 
giant  cellS)  and  lastly  fibrous  tissue  forming  a  more  or  less  distinct 
capsule.     In  parts  the  fungi  have  fallen  out  of  the  section,      x   50. 

Fio.  2. — From  a  section  of  a  "tubercular**  nodule  from  the  lungs  of  a 
Norfolk  heifer  with  pulmonary  actinomycosis.  The  nodule  is  a  multiple 
growth  surrounding  a  bronchus,  and  is  enclosed  by  a  capsule,  in  the 
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vicinity  of  which  the  pulmonary  alveoli  are  compressed.  It  is  composed 
of  a  number  of  separate  neoplasms,  and  each  of  the  latter  is  composed  of 
secondary  centres  of  growth  resembling  the  g^ant-cell  systems  of  bacillar}' 
tuberculosis.  The  new  growth  is  composed  of  ray-fungi,  large  multi- 
nucleated cells,  sometimes  distinct  giant  cells,  round  cells,  epithelioid  cells, 
and,  surrounding  them,  fibrous  tissue.  On  examination  of  the  same 
specimen  with  a  higher  power  the  typical  reset t-es  of  clubs  are  sometimes 
surrounded  by  multinucleated  cells,  and  sometimes  small  rosettes  are 
found  like  tubercle  bacilli,  in  the  interior  of  g^iant  cells.  From  a  pre- 
paration stained  by  Ziehl-Neelsen,  logwood,  and  orange-rubin.    x  50. 

PhATK  XXI. 

Fiu.  1. — (a)  A  leuci)cyte  containing  the  fungus  in  its  earliest  recognisable 
fonn.  (6)  A  large  multinucleated  cell  containing  the  fungus  in  an  early 
stage  with  the  club-form  already  visible,  (c)  A  leucocyte  containing  a 
small  stellate  fungus,  {d)  A  large  cell  containing  clubs  arranged  in  a 
small  rosette,  (e)  A  multinucleated  cell  with  clubs  arranged  in  a  palmate 
form.  All  the  above  are  drawn  from  sections  of  actinomycotic  tongues 
staine<l  by  the  triple  method.     »  5()0. 

Fig.  2. — A  g^ant  cell  with  large  vesicular  nuclei  at  the  periphery,  and  in  the 
centre  a  fully  formed  rosette  of  actinomyces  with  a  smaller  growth  within 
a  '*  daughter  '*  cell.  From  a  section  of  the  tongue  of  an  ox  stained  by 
the  triple  method,     x  5()0. 

Fig.  3. — A  very  large  circular  giant  cell,  with  its  ring  of  nuclei  at  the 
periphery,  enclosing  .several  is<)late<l  tufts  of  actinomyces.  From  a  section 
of  a  nodule  in  the  lung.     Stained  by  the  triple  method,     x  600. 

Fig.  4. — Tliree  rosettes  of  actinomyces  surrounded  by  a  row  of  large,  some- 
what angular  multinucleated  cells.  From  a  section  of  the  tongue  of  an 
ox  staine<l  by  the  triple  method,     x  430. 
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BacilluB  tetani. 

FuUowing  p.  45S. 

Fig.  1.  From  a  cover-glass  preparation  of  a  pure-cultivation  of  the  tetanus 
bacillus  in  broth;  stained  with  Neelsen's  carbolised  fuchsine.  r.  1200. 
Lamplight  illumination. 

Fig.  2.— From  a  cover-glass  preparation  from  the  same  source ;  stained  with 
Neelsen's  solution  and  methylene  blue,  x  12(K>.     I«amplight  illumination. 
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CHAPTER  I. 

HISTORICAL  INTRODUCTION. 

The  researches  of  Pasteur  into  the  rSle  played  by  bacteria  in  the 
processes  of  fermentation  and  putrefaction,  and  the  investigations  of 
the  practical  mind  of  Lister,  with  the  resulting  evolution  of  antiseptic 
surgery,  demonstrated  the  necessity  for  a  more  intimate  acquaint- 
ance with  the  life- history  of  these  micro-organisms.  Further  re- 
searches in  diseases  such  as  anthrax,  the  silkworm  malady,  pyaemia, 
septicsemia,  and  fowl- cholera,  invested  the  science  of  Bacteriology 
with  universal  interest  and  vast  importance;  while  the  investiga- 
tions which  established  an  intimate  connection  between  bacteria 
and  other  infective  diseases,  and  more  especially  the  discovery  by 
Koch  of  bacteria  in  tuberculosis  and  in  Asiatic  cholera,  claimed  the 
attention  of  the  whole  thinking  world. 

Those  bacteria  which  are  connected  with  disease,  and  more 
especially  those  which  have  been  proved  to  be  the  caitsa  catisans,  are 
of  predominant  interest  and  importance. 

The  first  attempt  to  demonstrate  the  existence  of  a  cfmUufiwin 
vimmi  dates  back  almost  to  the  discovery  of  the  microscope. 
Athanasius  Kircher,  nearly  two  and  a  half  centuries  ago,  expressed 
his  belief  that  there  were  definite  micro-organisms  to  which  diseases 
were  attributable.  The  microscope  had  revealed  that  all  decom- 
posing substances  swarmed  with  countless  micro-organisms  which 
were  invisible  to  the  naked  eye,  and  Kircher  sought  for  similar 
organisms  in  diseases  which  he  considered  might  be  due  to  their 
agency.     The  microscope  which  he   described  obviously  could   not 
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admit  of  the  possibility  of  studying,  or  even  detecting,  the  micro- 
organisms which  are  now  known  to  be  associated  with  certain 
diseases  ;  and  it  is  not  surprising  that  his  teachings  did  not  at  the 
time  gain  much  attention.  They  were  destined,  however,  to  receive 
a  great  impetus  from  the  discoveries  which  emanated  from  '*the 
father  of  microscopy." 

Antony  van  Leeuwenhoek  had  learned  as  a  youth  to  grind  and 
polish  lenses,  and  later  in  life  employed  his  spare  time  in  constructing 
microscopes,  and  in  conducting  those  researches  which  have  made 
for  him  a  name  which  is  familiar  to  all  microscopists.  His  researches 
were  published  in  a  series  of  letters  to  the  Royal  Society.  In  1675 
he  described  extremely  minute  organisms  in  rain-water,  well-water, 
infusions  of  pepper,  hay,  and  other  vegetable  and  animal  substances, 
in  saliva,  and  in  scrapings  from  the  teeth ;  and,  further,  he  was 
able  to  differentiate  these  minute  Uving  things  by  their  size,  their 
form,  and  the  character  of  their  movements.  In  1683  these 
discoveries  were  illustrated  by  means  of  woodcuts,  and  there  can  be 
little  doubt,  from  the  drawings  of  these  micro-organisms,  that  they 
are  intended  to  represent  leptothrix  filaments,  vibrios,  and  spirilla. 
Indeed,  we  can  almost  recognise  these  micro-organisms  as  bacteria 
from  Leeuwenhoek's  grapliic  descriptions,  apart  from  his  figures. 
They  were  described  as  moving  in  the  most  characteristic  manner, 
progressing  with  great  rapidity,  or  spinning  round  like  a  top,  and 
so  excessively  minute  that  they  were  only  perceived  with  great 
difiiculty.  The  smallest  forms  could  hardly  be  examined  individually ; 
but,  viewed  en  masse,  they  closely  resembled  a  swarm  of  gnats  or 
flies.  In  another  communication,  published  in  1692,  he  giv&s 
some  idea  of  the  size  of  these  animalcules  by  stating  that  they 
were  a  thousand  times  smaller  than  a  grain  of  sand.  Othei*H 
which  were,  comparatively  speaking,  of  considerable  length,  were 
characteinsed  by  their  peculiar  mode  of  progression,  bending  and 
rolling  on  themselves — movements  which,  he  adds,  created  both 
delight  and  astonishment  in  the  mind  of  the  observer.  Leeuwenhoek 
himself  was  not  disposed  to  believe  in  the  possibility  of  such 
organisms  being  found  in  the  blood  in  disease;  but  as  soon  as  he 
had  proved  the  actual  eidstence  of  such  minute  creatui^es,  theoretical 
physicians  were  not  wanting  who  at  once  attributed  various  maladies 
to  their  agency.  Among  these,  Nicholas  Andry  is  made  conspicuous 
by  his  work  published  in  1701.  Andry  classed  the  minute  organisms 
discovered  by  Leeuwenhoek  as  worms. 

In  1718  Lancisi  believed  that  the  deleterious  effect  of  the  air  of 
malarial  districts  depended  uixm  animalcules,  and  others  considered 
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that  the  plague  in  Toulon  and  Marseilles  in  1721  arose  from  a 
similar  cause.  In  fact,  by  some,  all  diseases  were  attributed  to 
vermicules,  and  this  led  to  the  theory  being  ridiculed  and  discredited. 

In  spite  of  adverse  criticism,  the  theory  of  cantagium  vivwrn 
survived,  and  Linnaeus  acknowledged  it  by  placing  the  micro- 
organisms discovered  by  Leeuwenhoek,  the  contagia  of  specific 
fevers,  and  the  causes  of  putrefaction  and  fermentation,  into  one 
class — "  chaos."  The  theory  was  further  supported  by  the  writings 
of  Plenciz,  who,  in  1762,  very  ably  discussed  the  nature  of  contagium^ 
as  well  as  the  relation  of  animalcules  to  putrefaction  and  disease. 
Howevei^  no  proofs  in  support  of  these  theories  were  forthcomings 
and  gradually  the  idea  of  contctgium  vivtum  fell  into  obscurity,  and 
indeed  came  to  be  regarded  by  some  as  an  absurd  hypothesis. 

Though  a  causal  relation  of  animalcules  to  diseases  was  for  a 
time  discredited,  the  natural  history  of  these  micro-organisms  was. 
studied  with  increasing  interest.  In  1778  Baron  Gleichen  described 
and  figured  a  great  number  of  microorganisms  which  he  had 
discovered  in  various  vegetable  infusions.  Joblot,  Lesser,  Reaumur, 
Hill,  and  many  others  worked  at  the  same  subject.  Hill  remarked 
that  there  was  hardly  the  least  portion  of  matter  or  the  least  drop 
of  fluid  of  any  kind  natiurally  found  in  the  earth,  which  was  not 
inhabited  by  multitudes  of  animalcules.  But  these  observers  inclined 
rather  to  searching  for  new  forms  than  to  studying  more  thoroughly 
those  which  had  been  already  discovered ;  and,  as  a  result,  but  little 
scientific  progress  was  made  until  the  time  of  MUller,  of  Copen- 
hagen. MUller,  in  1786,  criticised  the  work  of  previous  writers, 
and  pointed  out  that  they  had  been  too  much  occupied  with  merely 
finding  new  micro-organisms.  Miiller  took  into  account  the  form 
of  the  micro-organism,  its  mode  of  progression,  and  other  biological 
characters,  and  on  such  data  based  a  classification.  Thus  the 
scientific  knowledge  of  these  minute  beings  was  considerably  advanced 
by  his  writings  and  illustrations. 

The  subject  which  now  eclipsed  all  others  in  interest  was  the 
origin  of  these  micro-organisms.  Two  rival  theories  were  widely 
discussed — spontaneous  generation,  and  development  from  pre-exist- 
ing germs;  and  the  researches  that  were  made  in  the  course  of 
this  discussion,  and  the  discoveries  which  resulted,  indirectly  yet 
materially  advanced  the  germ  theory  of  disease,  and  explain  many 
of  the  phenomena  in  the  life-history  of  the  pathogenic  microbes 
which  have  been  brought  to  light  in  recent  years. 

Spontaneous  development  of  micro-organisms  in  putrescible 
infusions  was  believed  in  by  many,  but  was  supported  by  no  one 
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with  greater  persistency  than  Needham.  Needham  found  that 
animalcules  readily  developed  when  meat  infusion  was  boiled  an 
transferred  to  a  well -stoppered  flask,  and  he  could  only  explain  this 
by  supposing  that  they  originated  spontaneously  from  the  material  of 
the  infusion.  In  1768  Bonnet  strenuously  opposed  these  conclusions 
on  purely  theoretical  grounds,  and  maintained  that  it  was  far  more 
probable  that  the  ova  of  the  animalcules  were  present  in  the  infusions 
or  were  suspended  in  the  air  enclosed  in  the  flask. 

Spallanzani  was  the  first  to  demonstrate  by  experiment  the 
correctness  of  Bonnet's  arguments.  It  occurred  to  him  to  boil  the 
infusion  in  flasks,  and  to  seal  the  vessda  during  ike  process  of  bailing. 
As  a  result  the  flasks  remained  free  from  putrefaction,  and 
animalcules  only  developed  when  the  infusion  was  exposed  to  the  air 
by  making  a  hole  in  the  flask.  That  Spallanzani's  experiments 
were  reliable,  and  his  conclusions  correct,  was  evidenced  by  the  fact 
that  his  simple  precaution  led  to  great  practical  results,  as  Fran9ois 
Appert  introduced,  on  this  principle,  the  method  of  preserving  meats, 
vegetables,  and  other  provisions. 

The  disciples  of  Needham  nevertheless  brought  forward  counter 
objections.  Treviranus  urged  that  a  certain  quantity  and  quaHtf/  of 
air  was  necessary  for  the  spontaneous  development  of  these  infusoria, 
and  that  by  sealing  the  flasks,  too  small  a  quantity  of  air  was  in 
contact  with  the  infusion,  and,  further,  that  this  air  had  become 
changed  in  quality  by  the  process  of  boiling. 

Spallanzani  argued  against  these  objections,  but  did  not  support 
his  opinions  by  further  experiments,  so  that  the  question  remained 
for  a  time  undecided. 

In  1836  Francis  Schulze  devised  an  experiment  which  brought 
still  further  evidence  against  Needham's  theory.  Schulze  filled  a 
glass  vessel  half  full  with  distilled  water  and  different  animal  and 
vegetable  substances.  This  was  plugged  with  a  doubly- bored  cork, 
and  through  each  perforation  a  glass  tube  was  introduced,  bent  at 
a  right  angle.  On  boiling  the  flask,  steam  issued  freely  from  each 
tube,  and  all  parts  were  thoroughly  sterilised.  Each  tube  was  then 
connected  with  a  bulbed  tube,  one  bulb  containing  concentrated 
sulphuric  acid  and  the  other  a  solution  of  potash.  Fresh  air  was 
drawn  into  the  flask  by  aspiration,  and  this  was  deprived  of  any 
germs  which  might  be  present  by  its  passage  through  the  sulphuric 
acid.  The  result  was  that  the  infusion  remained  without  any 
development  of  micro-organisms.  When,  on  the  other  hand,  air  was 
admitted  without  first  being  drawn  through  the  sulphuric  acid,  the 
n  dsion  in  a  short  time  teemed  with  animalcules.     In  other  words. 
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SchuLie  demonetrated  that  iii  spite  of  free  access  to  air,  mhidi  luid  710I 
been  healed,  the  lufusious  remtimed  free  from  germs. 

Schwann,  iii  1837,  arrived  iit  MimUnr  results.  He  found  tlist 
putresoible  substaaces  remained  sterile  if  exposed  to  an  abuudnnt 
supply  of  air  which  was  heated  by  bemg  passed  through  a  iuelt«l  mix- 
ture of  metuU.  This  convinced  him  that  the  cause  of  the  decompo- 
xition  which  would  otherwise  have  occurred  must  exist  in  the  air. 

The  objection  remained  that  in  the  experiments  of  Sohuize  and 
Schwann,  the  air  which  was  admitted  to  the  flasks  had  undergone 
either  11  chemical  or  a  thermal  change,  and  therefore  the  theory  of 
Neeilham  was  not  yet  entii-ely  disposetl  of. 

In  1854  the  final  blow  was  dealt  by  Scljroder  and  Van  Dusc'b, 
These  investigators  demonstrated  that  decompoeitioD  could  be  obviated 
without  resorting  either  to  thermal  or  chemical  treatment  of  the 
ntr,  as  simple  filti-ation  of  the  air  tluvugh  cotton-woo]  was  shown  to- 
be  efficurious  in  excluding  germs,  Finally,  HutFroan  in  1860,  and 
independently,  Ghevreuil  and  Pasteur  in  1861,  showed  that  even. 
cotton-wool  could  be  disjieiised  with,  us  a  sterile  solution  would 
remain  nterile  when  the  neck  of  the  vessel  was  bent  into  an 
S-sbaped  curve.  Micro-organisms  in  the  nir  entering  the  fiask 
were  depocdted  by  gravitation  in  the  bend  of  the  tube. 

The  advocates  of  spontaneous  generation  were  ready  with  fresh 
objections.  They  now  urged  that  the  medium  lost  its  power  of 
undergoing  decomposition  by  being  boiled.  This  objection  was  at 
once  set  aside  by  the  fact  that  when  unfiltered  aii'  was  admitted  to 
the  infusion,  decomposition  net  in.  Additional  evidence  was  brought 
against  spontaneous  generation  by  the  experiuients  of  Fat^tenr, 
Btirdon  Sanderson,'  Lister,  and  others,  in  which  it  was  shown  that 
blood,  urine,  and  milk  would  remain  without  decomposition,  when  all 
precautions  were  adopted  to  avoid  contamination  in  filling  the 
sterilised  flasks. 

Even  at  this  stage  of  this  great  scientific  controversy  fi-enh 
difficulties  arose,  for  it  was  fonnd  that  in  certain  solutions  which  had 
lieen  boiled  and  berraeticalty  sealed  in  flasks  micro-organisms  made 
theii-  appearance.  In  1872  Charlton  Bastiau  published  a  research 
which  was  to  prove  that  spontaneous  generation  actually  took 
])lace.  Decoctions  of  turnip  and  cheese  which  had  been  li]tere<l, 
neutralised,  and  boiled  for  ten  minutes,  and  hermetically  sealed 
during  the  boiling,  were  found  after  a  lime  to  contain  micro 
organisms.  These  resiults,  however,  were  befoi-e  long  esplaineil  by 
the  fact  that  in  milk,  infusions  of  hay,  and  cert;iin  other  decoctions, 
the  RjMU-eB  of  bacilli  are  present,   which  are  much  more  resistant 
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than  the  bacilli  themselves.  In  such  cases  mere  scalding  or  boiling 
for  a  few  minutes  will  not  sterilise  the  solution.  The  bacilli  are 
destroyed,  but  not  their  spores;  and  if  the  latter  remain  unhurt, 
they  will  germinate,  and  rapidly  multiply.  But  if,  as  Tyndall 
found,  the  boiling  be  repeated  a  second  and  a  third  time,  all  the 
spores  will  be  destroyed ;  for  in  the  intervals  between  the  boilings 
the  spores  sprout  into  bacilli,  and  the  bacilli  at  the  next  boiling 
perish ;  so  that  after  three  or  four  repeated  boilings  the  infusion  is 
rendered  perfectly  free  from  germs. 

While  this  discussion  was  occupying  the  attention  of  the  whole 
scientific  world,  some  investigators  had  been  again  following  up  the 
theory  of  a  connection  between  micro-organisms  and  dinease. 

In  1837  Cagniard  La  tour  and  Schwann  independently  made  the 
discovery  that  the  yeast  plant  was  a  living  organism,  and  the  true 
cause  of  yeast  fermentation.  The  close  analogy  between  the  pro- 
cesses of  fermentation  and  of  certain  diseases  had  long  been  held; 
and,  therefore,  when  it  was  proved  that  fermentation  was  due  to  a 
micro-organism,  fresh  advocates  appeared  in  support  of  the  theory 
that  diseases  were  produced  by  similar  agencies.  Boehm,  in  1838, 
described  certain  organisms  in  cholera,  which  was  at  that  time 
raging  in  Europe;  but  the  researches  of  Bassi,  who  a  year 
pre\4ously  had  discovered  the  cause  of  a  disease  of  silkworms, 
attracted  much  greater  attention. 

Bassi  discovered  that  in  this  disease  extremely  minute  spores 
existed  on  the  bodies  of  the  worms,  which  were  conveyed  fi*om  the 
sick  to  the  healthy.  They  destroyed  the  healthy  worms  by 
germinating  in  their  skins  and  gi'owing  into  their  bodies.  These 
discoveries  may  be  said  to  have  brought  the  theory  of  c&iUagiwm 
vivum  to  life  again  ;  and  Henle,  in  reviewing  the  facts  of  the  case  in 
1 840,  came  to  the  conclusion  that  the  cause  of  all  contagious  diseases 
must  be  of  a  living  nature,  and  this  he  maintained,  although  he 
had  searched  in  vaccine  and  small-pox  lymph,  in  the  desquamation 
of  scarlet  fever,  and  in  other  diseases  without  success. 

Bassi's  discovery  and  Henle's  doctrine  encouraged  a  number  of 
investigators,  and  remarkable  results  followed.  In  fa\'us,  in  herpes 
tonsurans,  in  pityriasis  versicolor,  fungus  threads  and  spores  were 
found,  and  were  regarded  as  being  of  etiological  importance, 
inasmuch  as  the  morbid  lesions  corresponded  with  the  growth  of  the 
particular  fungus. 

Cholera  became  especially  a  subject  for  research.  Swaine, 
Brittan,  and  Budd  found  micro-organisms  in  choleraic  dejecta. 
Davaine  described  certain  monads  in  the  intestinal  contents,  but  no 
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causal  connection  was  established  between  these  organisms  and  the 
disease  ;  and  when  the  cholera  disappeared  the  interest  in  coiitagium 
mmim  waned,  and  was  eclipsed  by  the  question  of  fermentation. 
The  discoveries  which  followed  in  this  subject  had  a  very  important 
healing  on  the  micro-parasitic  origin  of  communicable  diseases. 

Pasteur,  following  up  the  researches  of  Cagniard  Latour  and 
Schwann,  demonstrated  in  1857  that  the  lactic,  acetic,  and  but3rric 
fermentations  were  produced  by  micro-organisms. 

Previously  to  this,  in  1850,  Davaine  and  Rayer  had  noted  the 
existence  of  little  rod-like  or  filamentous  bodies^  about  the  size  of  a 
blood  corpuscle  in  the  blood  of  a  sheep  that  had  died  of  splenic  fever. 
PoUender  had  seen  similar  bodies  in  the  blood  of  cows.  Davaine 
did  not  at  first  pay  much  heed  to  this  discovery;  but  in  1863  he 
thoroughly  reinvestigated  the  subject,  and  conducted  a  series  of 
experiments  which  led  him  to  the  conclusion  that  the  actual  cause 
of  splenic  fever  was  an  organised  being  whose  presence  and 
multiplication  in  the  blood  produced  changes  in  that  fluid  of  the 
nature  of  fermentation,  resulting  in  the  death  of  the  animal. 

These  conclusions  wei'e  not  accepted  by  all,  and  indeed,  the 
evidence  was  so  far  incomplete  that  sceptics  were  justified  in  con- 
sidering that  these  experiments  afforded  only  a  working  hypothesis. 
But  Davaine's  comparison  between  this  disea.se  and  fermentation 
attracted  the  attention  of  Pasteur,  whose  mind  had  been  fully  trained 
for  entering  upon  this  investigation  by  the  researches  which  he  had 
been  carrying  on  in  the  interval  between  Davaine's  publications  of 
1857  and  1863. 

Pasteur,  as  already  mentioned,  had  been  working  at  fermentation, 
and  his  attention  was  next  directed  to  studying  the  so-called  diseases 
of  wines,  and  subsequently  to  a  contagious  disease  which  committed 
ravages  among  silkworms.  By  laborious  i*esearches  Pasteur  was 
able  to  confirm  the  belief  that  this  disease  of  silkworms  was  due  to 
the  pi*esence  of  micro-organisms  discernible  with  the  aid  of  the  micro- 
scope. These  oval  shining  bodies  in  the  moth,  worm,  and  eggs  had 
been  previously  observed  by  Cornalia,  and  described  by  NageU  as 
Nosema  bombycis,  and  by  Lebert  as  Panhistophyton.  But  it  was 
i-eserved  for  Pasteur  to  introduce  a  means  of  combating  the  disease. 
Pasteur  showed  that  when  a  silkworm,  whose  body  contained  these 
mici*o-orgamsms,  was  pounded  up  with  water  in  a  mortar,  and  the 
mixture  painted  with  a  brush  on  the  leaves  on  which  healthy  worms 
were  fed,  they  would  all  without  fail  succumb  to  the  disease. 

As  the  contagious  particles  were  transmitted  to  the  eggs,  a 
method   for  preventing  the  spread  of  the  disease  suggested  itself. 
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Each  female  moth  was  kept  sepanite  from  the  others,  and  allowed  to 
deposit  her  egg&  on  a  small  linen  cloth.  The  moth  was  then  pinned 
to  the  corner  of  the  cloth,  and  left  for  future  examination.  When 
the  time  for  this  arrived,  the  moth  was  crushed  up  with  water  in  a 
mortar,  and  a  drop  examined  under  the  microscope.  When  any 
trace  of  corpuscular  matter  was  found  to  be  present,  the  cloth  with 
its  collection  of  eggs  was  burnt ;  and  if  not,  the  eggs  were  set  aside 
for  use. 

(complete  as  this  appears  to  be  as  a  demonstration  of  a  causal 
connection  between  the  micro-organisms  and  the  disease,  it  could 
obviously  be  objected  that  there  was  no  distinct  proof  that  tlie 
corpuscular  bodies  constituted  the  actual  contagium.  There  was  no 
isolation  of  the  organisms,  no  artificial  cultivation  of  them  apart 
fi*om  the  diseased  moth  or  worm,  and  subsequent  production  of  the 
disease  by  means  of  the  isolated  organisms.  Tlie  same  objection 
was  applicable  to  Davaine's  investigations.  Davaine  found  rods 
in  association  with  anthrax,  and  maintained  that  they  were 
causally  related  ;  but  others  stated  that  it  was  possible  to  inoculate 
animals  with  anthrax  blood  containing  rods,  and  to  produce  the 
disease  without  being  able  to  detect  the  rods  again  in  the  blood 
of  the  animal  experimented  upon.  It  was  also  urged  that  it  was 
possible  to  infect  with  anthrax  blood  after  the  rods  had  disappeared, 
and  to  find  a  reappeanince  of  the  bacilli  in  the  blood  ^f  the 
inoculated  animal. 

The  well-known  fact  that  anthrax  was  especially  prevalent  in 
ceHain  seasons  and  certain  localities  appeared  to  lend  great  support 
to  these  objections.  The  disease,  in  fact,  wiis  regarded  by  some 
as  originating  from  peculiar  conditions  of  climate  and  soil.  The 
fallacies  in  these  objections  were,  however,  rapidly  dispelled. 
Bollinger,  in  1872,  pointed  out  that  the  blood,  from  which  the  rods 
had  disappeared,  was  still  virulent  owing  to  the  presence  of  the 
spores  of  the  bacillus,  and  that  it  was  owing  to  the  soil  being  impreg- 
nated with  these  spores  that  the  disease  broke  out  in  certain 
localities.  Yet  there  still  remained  many  who  refused  to  regard 
these  particles  as  living  bodies,  some  looking  upon  them  simply  as 
crystals ;  and  the  question  of  their  importance  remained  undecided 
for  several  years. 

In  1877  Robert  Koch  published  a  memoir  in  which  he  fully 
described  the  life-history  of  the  anthrax  or  splenic  fever  bacillus, 
and  gave  a  complete  demonstration  of  the  life- history  of  the  micro- 
organism, and  the  definite  proofs  of  its  pathogenic  properties.  lie 
pointed  out  how  the  rods  grew  in  the  blood  and  tissues  by  lengthen- 
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ing  and  by  cross  division.  Further,  that  in  the  blood  or  in  serum 
or  in  aqueous  humour  they  not  only  grew  into  long  leptothrix 
filaments,  but  they  produced  enormous  numbers  of  seeds  or  spores. 
He  traced,  by  continuous  observation  on  the  warm  stage,  the  whole 
life  cycle,  from  the  fission  of  the  rods  to  the  formation  of  spores  and 
the  sprouting  of  the  spores  into  fresh  rods.  Further,  he  carried 
on  the  disease  by  inoculating  from  mouse  to  mouse  for  several 
generations,  and  observed  that  in  the  blood  of  the  animal  and  in 
the  swollen  spleen  the  glass-like  rods  were  always  to  be  found. 

Pasteur  also  studied  the  microbe  of  splenic  fever,  and  amply 
confirmed  and  extended  the  observations  of  Koch  by  his  researches 
on  the  attenuation  of  the  anthrax  virus. 

Pasteur  also  met  with  adverse  criticism.  Paul  Bert  argued 
that  the  bacilli  were  of  no  importance,  because  he  could  destroy 
them  by  exposing  material  containing  them  to  great  pressure,  and 
yet  the  material  produced  the  disease  on  inoculation.  But  such 
measures  did  not  destroy  the  apoi'es;  and  finally,  Paul  Bert  was 
convinced  of  his  error  when  Pasteur  demonstrated  cultures  of  the 
anthrax  bacillus  in  urine,  from  which  successive  generations  were 
started,  and  that  with  such  cultivations  the  disease  could  always  be 
produced. 

It  was,  however,  principally  the  researches  of  Koch  which 
placed  the  doctrine  of  ccmtagium  viimm  on  a  scientific  basis. 

Koch's  improvements  in  the  methods  of  cultivation,  his  recom- 
mendation of  the  necessary  microscopical  apparatus,  his  histological 
methods  for  examining  these  minute  organisms,  and  his  famous 
postulates  for  proving  beyond  controversy  the  existence  of  specific 
pathogenic  micro-organisms,  elevated  the  theory  of  coniagium  vivum 
to  a  demonstrated  and  established  fact.  The  chain  of  evidence 
regarded  by  Koch  as  essential  for  pro\dng  the  existence  of  a 
pathogenic  organism  was  as  follows  : — 

1.  The  micro-organism  must  be  found  in  the  blood,  lymph,  or 
diseased  tissue  of  man  or  animal  suffering  from  or  dead  of  the 
disease. 

2.  The  micro-organisms  must  be  isolated  from  the  blood,  lymph, 
or  tissues,  and  cultivated  in  suitable  media — i.e.,  outside  the  animal 
body.  These  pure  cultivations  must  be  carried  on  through  successive 
generations  of  the  organism. 

3.  A  pure  cultivation  thus  obtained  must,  when  introduced  into 
the  body  of  a  healthy  animal,  produce  the  disease  in  question. 

4.  In  the  inoculated  animal  the  same  micro-organism  must 
again  he  found. 
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The  chain  of  evidence  is  still  more  complete  if  we  can  from 
artificial  cultures  obtain  a  chemical  substance  which  is  capable 
of  producing  the  disease  independently  of  living  micro-organisms. 

It  is  of  very  little  value  merely  to  detect  or  artificially  to 
cultivate  a  bacterium  associated  with  disease.  We  must  endeavour 
to  establish  the  exact  relationship  of  the  bacteria  to  disease  processes, 
and  the  determination  of  the  true  pathogenic  microbe  is  beset 
with  fallacies.  In  many  diseases  bacteria  have  been  regarded  as 
the  actual  contagia,  until  a  searching  inquiry  by  other  investigators 
has  shown  that  the  evidence  was  most  unsatisfactory  or  entirely 
misleading.  For  example,  in  diseases  with  lesions  of  the  external 
or  internal  linings  of  the  body,  extraneous  micro-organisms  may 
get  into  the  circulation  and  be  swept  into  the  internal  organs, 
where  they  either  perish  in  the  battle  with  the  healthy  tissues 
which  are  opposed  to  their  existence,  or  they  may  gain  the  upper 
hand,  and  set  up  destructive  processes.  Such  organisms,  when 
found  in  association  with  these  diseases,  may  be  discovered  in  the 
blood  and  internal  organs  ;  and  though  only  accidental  epiphytes, 
often  associated  with  septic  complication,  they  may  too  readily  be 
accepted  by  the  enthusitist  as  the  actual  contagium  of  the  disease 
in  question. 

It  is  only  when  such  fallacies  are  exposed  that  we  are  brought 
once  more  face  to  face  with  the  fact  that  the  nature  of  the  contagium 
in  hydrophobia,  variola,  vaccinia,  scarlet  fever,  measles,  and  many 
other  diseases,  is  still  undetermined. 


CHAPTEK  II. 

MORPHOLOGY   AND   PHYSIOLOGY   OF   BACTERIA. 

Bacteria  may  be  confiidei'ed  as  minute  vegetable  cells  destitute  of 
nuclei.  They  are  distinguished  from  animal  cells  by  being  able  to 
<lerive  their  nitrogen  from  ammonia  compounds,  and  they  differ 
from  the  higher  vegetable  cells  in  being  unable  to  split  up  carbonic 
acid  into  its  elements,  owing  to  the  absence  of  chlorophyll.  Yon 
Engelmann  and  Van  Tieghem  include  among  the  bacteria  certain 
organisms,  named  by  them  Bacterium  chlorinum,  Bacterium  \dride, 
and  Bacillus  virens,  which  are  coloured  green  by  this  substance,  but 
it  is  quite  po^ible  that  they  may  be  Algse,  and  further  researches 
are  required  before  any  conclusions  are  definitely  arrived  at  as  to 
the  exact  place  these  particular  organisms  occupy  in  the  vegetable 
kingdom. 

Composition. — For  our  knowledge  of  the  chemical  composition 
of  bacteria  we  are  chiefly  indebted  to  Nencki.  Their  constituents 
are  found  on  analysis  to  vary  slightly,  according  to  whether  the 
bacteria  are  in  zoolgoea  or  in  the  active  state.  In  the  latter  condition 
they  are  said  to  consist  of  83*42  per  cent,  of  water.  In  one  hundred 
parts  of  the  dried  constituents  there  are  the  following  : — 

A  nitrogenous  body 84*20 

Fat 6*04 

Ash 4-72 

Undetermined  substances    .         .         .  5*04 

This  nitrogenous  body  Ls  called  myco-protein,  and  consists  of 

Carbon        .......         52*32 

Hydrogen 7*55 

Nitrogen 14*75 

but  no  sulphur  or  phosphorus. 

The  nitrogenous  body  appears  to  vary  in  different  species,  for 
in  Bacillus  anthracis  a  substance  has  been  obtained  which  does  not 
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give  the  reactions  of  niyco-protein,  and,  therefore,  is  distinguished 
as  anthrax- protein. 

Considering  bacteria  as  cells,  we  may  speak  of  the  cell-wall  and 
the  cell-contents.  The  cell- wall  consists  of  cellulose,  or,  according 
to  Nencki,  in  the  putrefactive  bacteria  of  myco-protein.  It  may  be 
demonstrated  by  the  action  of  iodine,  which  contracts  the  proto- 
plasmic contents,  and  renders  the  cell-wall  visible.  By  staining 
cover-glass  preparatioiLs  of  the  anthrax  bacillus  by  the  method  of 
Gram,  the  ro<ls  are  at  first  uniformly  stained,  by  subjecting  them  to 
iodine  solution  the  protoplasmic  contents  are  contracted,  and  alcohol 
decolorises  the  sheath,  which  may  be  then  stained  in  contrast,  with 
eosin. 

The  cell- wall  may  be  either  pliable  or  rigid.  Pliability  is 
observed  in  the  long  filaments,  which  are  endowed  with  a  slow 
vermicular  movement,  while  rigidity  accounts  for  the  maintenance 
of  the  characteristic  form  of  several  species,  such  as  spirilla. 

The  cell-protoplasm  yields  myco-protein.  In  some  it  is  homogene- 
ous, and  in  others  granular.  The  action  of  the  aniline  dyes  indicates 
a  close  relation  to  nuclear  protoplasm,  though  all  nuclear  stains  are 
not  suitable  for  bacteria.  In  some  cases  also  the  bacteria  remain 
stained  under  the  influence  of  a  reagent,  which  removes  the  colour 
from  nuclei.  The  power  of  fixing  the  stain  is  not  always  present, 
and  indicates  a  difference  in  the  protoplasm  of  different  species. 
Thus  in  staining  phthisical  sputum,  the  nitric  acid  removes  the 
stain  from  all  bacteria  and  bacilli  present,  with  the  exception  of  the 
tubercle  bacillus.  This  difference  in  the  protoplasm  of  diffei-ent 
species  is  also  illustrated  by  the  necessity,  in  many  cases,  of  using 
special  processes^,  owing  to  the  ordinary  methods  being  unsatisfactory 
or  not  producing  any  result. 

The  protoplasm  of  some  bacteria  contains  starch  granules  ;  thus 
Clostridium  butyricum  gives  the  starch  reaction  with  iodine. 
Sulphur  granules  are  present  in  some  species  of  Beggiatoa  which 
thrive  in  sulphur  springs.  The  colouring- matter  of  the  pigmented 
bacteria  is  probably  external  to  the  cell  as  a  rule  :  for  example,  in 
Micrococcus  prodigiosus  the  pigment  granules  are  distictly  between 
the  cells ;  on  the  other  hand,  in  Beggiatoa  roseo-persicina,  or  the 
peach-coloured  bacterium,  the  special  pigment  bacierio-pvrpwrin 
appears  to  be  dissolved  in  the  cell  protoplasm.  In  Bacillus 
pyocyaneus  the  pigment  is  certainly  not  localised  entirely  in  the 
cell,  for  it  becomes  rapidly  diffused  in  the  surrounding  medium, 
considerably  beyond  the  confines  of  the  growth  itself. 

In  several  species,  either  as  a  result  of  a  secretion  from  the  cell  or 
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of  the  absorption  of  moisture  and  consequent  swelling  of  the  outer 
layer  of  the  cell-wall,  a  mucinous  or  gelatinous  envelope  develops 
around  them.  This  envelope  may  form  a  capsule,  such  as  we  meet 
with  in  certain  bacteria  found  in  the  rusty  sputum  of  pneumonia,  and 
in  Micrococcus  tetragenus  ;  or  it  may  occur  as  a  continuous  sheath 
around  a  chain  of  bacteria,  which  by  its  disappearance  sets  free 
the  individual  links.  The  capsule  is  soluble  in  water,  and  under 
some  circumstances  is  difficult  to  demonstrate.  In  the  pneumo- 
coccus  of  Friedlander  the  capsule  disappears  on  cultivation,  but 
reappears  in  preparations  made  from  an  inoculated  animal.  In  the 
pleuritic  fluid  of  a  mouse  these  cocci  are  often  found  with  a  parti- 
cularly well-marked  capsule,  and  in  other  encapsuled  cocci  the  extent 
of  the  envelope  has  been  observed  to  vary  considerably  in  the  same 
species  of  bacterium. 

When  this  gelatinous  material  forms  a  matrix,  in  which 
numbers  of  bacteria  are  congregated  in  an  irregular  mass,  we  have 
what  is  termed  a  zooglcea.  The  zoogloean  stage  is  a  resting  stage, 
often  preceded  or  followed  by  a  motile  stage.  Thus  bacteria  may 
be  present  in  a  solution  in  an  active  state,  and  after  a  time  a  scum 
or  pellicle  forms  on  the  surface  of  the  liquid,  which  consists  of 
zoogloea.  At  the  edges  of  the  zoogloea,  individuals  may  be  seen  to 
again  become  motile,  and  after  detaching  themselves  to  swim  off  in 
the  surrounding  fluid. 

The  zooglcean  stage  may  be  observed  sometimes  in  cultivations  in 
broth,  and  also  in  nutrient  gelatine  which  has  become  liquefied. 
The  inoculated  bacteria  grow  and  multiply,  and  after  a  time  a  film 
appears  on  the  surface  of  the  liquefied  layer.  In  cultivations  on 
potato  the  appearances  in  this  stage  are  varied,  and  sometimes 
extremely  characteristic.  In  the  case  of  a  bacillus  which  readily 
develops  on  unsterilised  potatoes,  the  zoogloea  may  spread  over  the 
cut  surface,  forming  a  pellicle  which  can  be  raised  e^i  masse  like 
a  delicate  veil.  Another  bacillus  forms  a  zoogloea,  consisting  of  a 
tenacious  layer  which  can  be  drawn  out  in  long  stringy  threads. 
In  Ascococcus  Billrothii  the  gelatinous  envelope  develops  to  such 
an  enormous  extent  that  it  forms  the  characteristic  feature  of  the 
species.     (Fig.  1.) 

Form. — ^The  individual  cells  vary  in  form,  and  may  either 
remain  isolated  or  attached  to  each  other.  Hound  cells  and  egg- 
shaped  cells  are  called  cocci.  The  spherical  form  is  the  most 
common,  but  cocci  are  occasionally  exclusively  ovoid,  as  in  Strepto- 
coccus bombycis.  The  giant  cocci  of  some  species  are  spoken  of  as 
megacocci,  to  distinguish  them  from  the  ordinary  cocci,  or  micrococci. 
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Tb«  fiBsicn  hy  wfairii  the  oonci  hiareaMe  may  tab  pkoe  in  one 
dir«ctiaii  only,  uid  if  the  two  i«nihin|f  edls  ramain  attMdied  to 
tMch  other  tb^  fonn  a.  dtfteoocm*.  If  these  two  oeUs  kfaiii  diridr^ 
am)  tbe  resuhatig  odiB  naoMin  Uiik«d  tofiether,  w«  ^wt  *  diaiii  <»* 
roHurt',  tenaed  tlr^4fK»aotiM.  HiBae  tduuna  may  ocnast  of  a  few 
iodividuak  linked  Ungetlicr,  or  of  Kvcral  famtdivds,  in  whkii  ewe 
tlw  rbaiiu  are  geoerally  earred  or  twiited.  When  the  diviacBi 
ooctm  iu  two  directiniB,  ao  that  four  ooed  reanlt,  a  UitaiMl  or 
maint^pedia  is  farmed ;  iritra  in  three  direetiotia,  one  eoocne  dindet^ 
into  et^t,  and  the  repult  in  a  pkcket  form  or  —mWoBajwa. 
Inmiediately  after  diriaon,  the  daofhter  orils  are  not  periertly 
<irealar,  bat  are  flattened  or  faeetJ«d  vhen  Ihey  are  appoatf  tn* 


Flo.  L— AKeaxKTB  Biluotbii.   x  fiL    [After  Cohn.] 

each  other,  lliey  gra^lually  become  roiuuW  off,  and  each  dangbt«r 
ofM  IK  then  ready  to  divide  in  its  turn.  In  other  canes  the  oooei 
after  divison  only  fc«in  iire^lar  heaps  or  ooUection«  like  boncbee 
vt  grapeR.  This  form  is  sometimes  distinguished  as  itap/tjiioeoeet», 
but  it  cannot  be  considered  an  important  featore.  When  we  find 
irregular  nuuaeB  of  oood  united  bj'  intercellular  substance  and 
embedded  in  a  tough  geUtioouK  matrix,  the  form  is  described  aa 


Another  type  ih  the  rod,  characteristic  of  bofUrtHm  and  badUnM. 
Tbn  rods  may  vary  ocMisderably  in  length.  The  ray  ebc»t  rods 
with  rounded  ends  are  difficult  to  distinguiah  from  the  oval  oooci, 
but  difl^  in  that  a  rod,  however  short  it  may  be,  must  have 
two  tadcK  paralleL  The  nbrui  or  bent  rod  may  be  considered  as 
the  connecting  link  between  the  rode  and  the  cKH-kscrew  forms  or 


■-*;  '.t7->y 


-I  L 


:>fr^r 


Y  '^n'^ 


>  •• 


^ 


Is    J 


\ 


vi\/:;!!sw 


•-  \ 


III! 


I:  ;     \ 


H  irr;:h-j.i.srin/'>\iM  i.ii.s.tn;  l  isv.os  \  \  -^.vA  . 


DESCRIPTION    OF    PLATE    I. 


Bacteria,  Schisomycetes,  or  Fission  Fungi. 

1.  Cocci  singly  and  varying  in  size.  2.  Cocci  in  chains  or  rosaries  (strepto- 
coccns).  3.  Cocci  in  a  mass  (staphylococcns).  4  and  5.  Cocci  in  pairs 
(diplococcus).  6.  Cocci  in  groups  of  four  (merismopedia).  7.  Cocci  in  packets 
(sarcina).  8.  Bacit^um  termo.  9.  Bacterium  termo  x  4000  (Dallinger  and 
Dryitdale).  10.  Bacterinm  tejrtic<pwia  hitfHorrk€igic<f.  11.  Bacterium  pneU' 
numitt  eroupostr.  12.  Baoillun  tuhtilU.  13.  Bacillut  murisepflous.  14. 
BaciUnt  diphtheria.  15.  Bacillus  typhosus  (Eberth).  16.  Spirillum  Hndula 
(Cohn).  17.  Spirillum  rolutans  (Cohn).  18.  Spirillum  ohclerte  Asiaticte. 
19.  Spirillum  Ohermeieri  (Koch).  20.  Spiroeheeia  plicatilU  (Fliigge).  21. 
Vihrut  ruffula  (Prazmowski).  22.  Cladathrix  F&rsteH  (Cohn).  23.  CladothHM 
dichotoma  (Cohn).  24.  Manas  Okenii  (Cohn).  26.  Manas  Warmingii  (Cohn)^ 
2H.  Rhahdmnanas  rosea  (Cohn).  27.  Spore-formation  {Btwillus  a^vei)*  28. 
Hpore-formation  (Bacillus  anthracis),  29.  Hpore-formation  in  baoilli  onHivatod 
from  a  rotten  melon  (Frankel  and  Heiffer).  80.  Spore-formatioii  in  baoiUi 
cultivated  from  earth  (Friinkel  and  Pfeiffer).  31.  In  volution -fonn  pf  Crenathrisf 
(Zojif).  32.  Involntion-forms  of  Vibrio  serpens  (Warming).  33.  Involation- 
forms  of  Vibrio  ru^ula  (Warming).  34.  Involution-forms  of  Clostridium 
polymyxa  (after  i^zmowski).  35.  Involution-forms  of  Spirillum  cholera 
Asiatica.  36.  Involution-forms  of  Baeteriwm  mceti  (Zopf  and  Hansen). 
37.  Spirulina-form  of  Beggiatoa  alba  (Zopf).  3Sk  Various  thread-fornw  of 
Bacterium  merismopediaid^  (Zopf).    39.  False- branchte^  of  Cladathrix  {Zofit), 
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Spirilla.  Lastly,  we  have  the  filamentous  forms,  which  may  be 
straight,  leptothrix,  or  wa\y,  spirochcBtay  or  the  wavy  thread  may 
be  looped  and  entwined  on  itself,  spirulina. 

The  term  involution  form  is  applied  to  certain  peculiar  shapes, 
which  result  more  especially  in  bacteria  grown  under  abnormal 
conditions.  They  are  round,  oval,  pear-shaped,  or  club-formed 
enlargements. 

Movement. — Many  bacteria  are  devoid  of  movement  through- 
out the  whole  of  their  life  history.  Others,  during  certain  stages  of 
their  life  cycle,  and  possibly  some  forms  always,  are  endowed  with 
locomotive  power.  The  character  of  the  movement  is  very  varied, 
and  ranges  from  a  slow  undulatory  motion  to  one  of  extreme 
rapidity.  Many  appear  to  progress  in  a  definite  direction.  Othei's 
move  continuously,  first  in  one  direction  and  then  in  another,  and 
others  again  seem  to  hesitate  before  altering  their  course.  They 
may  either  glide  along  smoothly  or  progress  with  a  tremulous  motion. 


Fig.  2.— Spikoch«ta  fhom  Sewauk  Water,  x   1200. 

They  appear  to  be  able  to  avoid  obstacles,  and  to  set  themselves 
free  from  objects  with  which  .they  have  accidentally  come  into 
contact.  Vibrios  have  a  peculiar  serpentine  movement,  but  other 
forms,  such  as  the  commonly  known  Bacterium  termo  and  segments 
of  spirilla,  such  as  comma-baciUi,  revolve  around  their  long  axis 
as  well  as  make  distinct  progression.  The  complete  spirilla  are 
characterised  by  the] familiar  corkscrew  movement.  With  regard 
to  cocci  there  is  some  doubt  as  to  whether  they  are  endowe<l  with 
independent  movement,  any  quivering  or  oscillation  being  generally 
r^irded  as  only  Brownian  or  molecular.  In  some  straight  thread- 
forms,  which  are  motile,  the  movement  is  very  slow  and  vermicular 
in  character,  but  in  wavy  threads,  such  as  the  Spirochseta  plicatilis, 
there  is  not  only  an  undulatory  motion,  with  rapid  progression  across 
the  field  of  the  microscope,  but  if  they  are  confined  by  more  or 
less  debris,  they  give  very  peculiar  and  characteristic  spasmodic 
movements.     (Fig.  2.) 

The  rod-forms  of  Proteus  vulgaris  eichibit  very  extraordinary 
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movements  on  the  surface  of  solid  nutrient  gelatine.  Groups  of 
rods  may  be  observed  to  pass  each  other  in  opposite  directions. 
Single  individuals  meet  and  progress  side  by  side,  or  one  or  more 
individuals  may  part  from  a  group  and  glide  away  independently. 
Occasionally  a  number  of  rods  progress  in  single  file.  It  is,  however, 
difficult  to  believe  that  these  movements  can  occur  on  a  solid  surface. 


Fig.  3.— Flauklla. 

1.  Coccus  with  flagellum.  2.  SimiUr  cocciia  dividing,  with  two  flagella.  3.  Colony 
of  flagellated  macrooocci  of  Bej/giatoa  roieo-perticina.  4.  Short  rod  from  the 
Kame  Beggiatoa  with  flagella  [all  after  Zopf].  5.  Bacillus  with  flagella  [from 
a  photograph  by  Koch}.  6.  Bacillus  suUilis  [after  Brefeld].  7,  8.  Short  rod- 
forma  of  Beggiatoa  roseo-persicina  with  one  flagellum  [after  Zopf].  9.  Very 
long  rod  of  the  same,  with  flagellum  at  both  ends  [after  Warming].  10.  Vibrio, 
with  double  flagellum  at  each  end  [after  Warming].  11.  Vibrio,  with  flagella 
[from  a  photograph  by  the  author].  12.  Spirillum  with  flagella  [from  a  photo- 
graph by  Koch].  13.  Spirillum  with  flagella  [after  Zopf].  14.  Spirillum  with 
double  flagella  [after  Zopf].  15.  Beggiatoa  roaeo-persieina,  with  a  triple 
flagellum  at  one  end ;  and  16,  with  a  double  flagellum  at  both  ends '[after 
Warming], 


The  author  is  inclined  to  believe  that  there  is  an  almost  inappreciable 
layer  of  liquid  on  the  surface  of  the  gelatine,  which  is  expressed 
after  the  gelatine  sets.  In  tubes  of  nutrient  agar-agar  gelatinised 
obliquely  and  then  kept  upright  the  liquid  so  expressed  collects  at 
the  bottom  of  the  sloping  surface. 
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The  means  by  which  bacteria  are  endowed  with  the  power  of 
spontaneous  movement  and  of  progression  may  still  be  said,  in 
some  cases,  to  be  unsettled.  The  author  has  watched  the  move- 
ment of  long  slender  threads  in  sewage -contaminated  water,  which 
could  only  be  explained  by  the  inherent  contractility  of  the  proto- 
plasmic contents ;  for  if  any  drawing  or  propelling  organ  existed 
in  proportion  to  the  length  of  the  organism,  it  would  probably  have 
been  visible.  But  in  many  cases  the  organism  ia  provided  with  a 
vibratile  lash  or  fiageUuta  at  one  end,  or  with  one  or  more  at  both 
ends,  or  with  numerous  lateral  and  terminal  flagella. 

Some  observers  believe  that  the  movement  of  cocci  is  due  to  the 


Fm.  4. — Baciuds  hegathehiuu. 

a.  A  clutin  of  rods,  x  260.    The  rest  x  600. 

b.  Two  active  rods. 

d  Co/.  Sdcceiieive  sti^ea  of  apore-Corm&tiuii. 
A  to  Dt.  Succeaaive  atages  of  germination. 

[After  De  Bary. 


a  flagellum.  In  Bacterium  termo  the  existence  of  a 
lash  at  either  end  was  first  determined  by  the  researches  of  Dallinger 
and  Drysdale.  In  motile  baciUi,  such  as  the  hay  bixcillus  and 
BadUua  ulna,  and  in  vibrios  and  spirilla,  the  flagella  can  be  readily 
reo^nised  by  expert  microscopists  with  the  employment  of  the  best 
lensee,  and,  what  is  of  equal  importance,  proper  illumi  tuition.  They 
are  objects  of  extreme  delicacj-  and  tenuity,  and  in  stained  prepara- 
tions may  be  absent  from  retraction  or  injury.  Koch  succeeded 
in  photc^raphing  them  after  staining  with  logwood,  which  turned 
them  a  brown  colour.  The  author  has  observed  tliem  in  vibrios  in 
preparations  stained  with  gentian  violet,  from  whicli  aUu  they  have 
been  photographed,  in  spite   of   the  violet  colour,    by   the  use  of 
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isochromatic  dry  plates,  and  more  recently  special  methods  have 
l)een  introduced,  by  LbfBer  and  others,  by  which  they  can  be  stained 
and  photographed  with  comparative  facility. 

It  is  not  certain  whether  the  flagella  are  extensions  of  the  cell- 
wall,  or  derived  from  the  internal  protoplasm.  Van  Tieghem  holds 
the  first  view,  and  does  not  regard  them  as  motile  organs  at  all. 
Zopf,  on  the  other  hand,  adheres  to  the  second  view,  and  moreover 
believes  that  they  ctm  be  retracted  within  the  cell-wall. 

Reproduction. — Bacteria  multiply  by  fission  and  by  processes 
which    may    be    considered    as    representing    fructification.      The 


ai 
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Fkj.  5.— Cix)htrii)ium  butyricum,    x   1020. 

B.  StageH  of  Hpore-furmation. 

C.  Stagefl  of  germination. 

[After  PrazmowHki.] 


bacteria  exhibiting  the  latter  processes  have  been  di\'idefl  into  two 
groups,  distinguislMHl  by  the  fornmtion  of  endosporea  in  the  one  and 
of  arihroaporea  in  the  other.  In  the  process  of  fission  the  cell  first 
increjises  in  size,  and  a  transverse  septum  forms  from  the  cell -wall, 
dividing  the  internal  protoplasm  into  two  ecjual  parts ;  these  may 
^mnite  and  lead  an  inde{)endent  existence,  or  remain  linked 
together.  In  chains  of  cocci  the  individual  cells  are  easily  visible 
and  distinct,  but  in  the  thread- forms  resulting  from  the  linking 
togetlier  of  rods,  as  in  the  antlirax  bacillus,  the  comjxwition  of  the 
threiid  is  only  (lemonstrate<i  by  the  action  of  reagent**. 

Endospore  formation   may  be  conveniently  studied  in  Bacillus 
4iuthracis,  Bacillus  megatherium,  or  Bacillus  subtilis.      The  [)roto- 
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plasm  becomes  granular,  and  at  certain  points  in  the  thread  a  speck 
appears,  which  gradually  enlarges  and  develops  into  a  circular 
or  egg-shaped,  sharply  defined,  highly  refractive  body.  The  spore 
grows  at  the  expense  of  the  protoplasm  of  the  cell,  which  in  time, 
together  with  the  cell-wall,  entirely  disappears,  and  the  spore  is  set 
free.  These  phenomena  are  best  seen  in  an  immotile  bacillus  in  a 
drop-cultivation  on  a  warm  stage ;  the  whole  process  may  then  be 
observed  continuously  from  beginning  to  end.  Spores  may  form  in 
each  link  of  the  thread,  so  that  a  regular  row  results,  or  they  may 
occur  at  irregular  intervals.  Spore-formation  also  occurs  in  bacilli 
which  do  not  develop  into  leptothrix  filaments.  The  spores  may 
develop  in  the  centre  or  at  one  end  of  the  rod.  In  the  tetanus 
bacillus  a  spore  develops  at  the  extreme  end,  producing  the  appear- 
ance of  a  drum-stick.  The  spore  may  be  considerably  wider,  but 
is  never  longer  than  the  parent  cell. 


Fig.  6.— Ljbuoonostoc  mesenteroidbs  ;  Ck)cci-ouAiNS  with  Abturobpores 

(after  Van  Tieghem  and  Cienkowski). 

Arthix)spore  formation  is  illustrated  in  Leuconostoc  mesenteroides. 
Certain  elements  in  the  chain  of  cocci,  apparently  not  differing  from 
the  rest,  become  larger,  with  tougher  walls,  and  more  I'efractive. 
The  remaining  cells  die,  and  these  cells  having  acquii*ed  the  pro- 
perties of  spores  are  set  free,  and  can  reproduce  a  new  growth  in 
any  fresh  nourishing  soil.  That  this  occurs  in  all  species  which 
do  not  form  endospores  is  at  present  only  a  supposition. 

Spores  are  invested  by  a  thick  membrane,  which  is  believed  to 
consist  of  two  layers.  To  this  they  probably  owe  the  property  they 
possess  of  retaining  vitality  when  desiccated,  and  of  offering  a 
greater  resistance  to  the  action  of  chemical  reagents  and  heat  than 
the  parent  cells. 

Spore- formation  has  been  i-egarded  by  some  as  occurring  when 
the  nourishing  soil  is  exhausted,  thus  providing  for  the  perpetuation 
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of  the  species.  In  anthrax  the  bacilli  do  not  form  spores  in  the 
living  body,  but  when  the  animal  dies  the  development  of  spores 
takes  place,  and  hence  the  danger  of  contaminating  the  soil  if  the 
body  is  disposed  of  by  burial.  Klein,  however,  has  pointed  out  that 
if  mice  and  guinea-pigs  which  have  died  of  anthrax  are  kept  un- 
o{^ned,  the  bacilli  simply  degenerate  and  ultimately  disappear. 
Thus  there  is  good  reason  for  believing  that  spore-formation  is 
not  due  to  exhaustion  of  the  pabulum,  but  probably  free  access  to 
oxygen  constitutes  an  important  factor  in  inducing  this  condition. 
If  we  inoculate  a  potato  with  anthrax,  copious  spore-formation 
occurs,  though  we  cannot  consider  that  the  nourishing  soil  has  been 
exhausted.  But  we  have  in  this  case  the  surface  of  the  potato 
freely  exposed  to  the  air  in  the  damp  chamber.  In  the  same  way, 
in  cultivations  on  agar-agar  solidified  obliquely  (so  as  to  get  a  large 
surface),  spore-formation   readily   takes   place.      Contamination   of 
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Fui.  7.— Spore-bbarino  Threads  of  Bacillus  Anthraoib,  Double-htainbi> 

WITH   FUCHSINE  AND   METHYLENE  BlUE,    X   1200. 

the  ground  results,  therefore,  from  animals  in  which  a  post-mortem 
examination  has  been  made  and  the  blood  and  organ's  freely  exposed 
to  the  air ;  or  from  carcasses  the  liides  of  which  have  been  soiled 
with  excretions,  and  with  blood  which  issues  from  the  mouth  and 
nostrils  before  death. 

When  spores  are  introduced  into  a  suitable  medium  at  a  favour- 
able temperature  they  develop  again  into  rods.  The  spore  loses  itK 
sharp  contour,  and,  at  one  pole  or  on  one  side,  a  pale  process  bursts 
through  the  membrane,  gradually  growing  into  a  rod  from  which 
the  empty  capsule  is  thrown  off. 

Spores  differ  from  the  parent  cells  in  their  behaviour  to  staining 
reagents.  Like  them,  they  can  be  stained  with  aniline  dyes,  but 
not  by  the  ordinary  processes.  They  require  to  be  specially  treated. 
This  is  probably  due  to  the  tough  capsule,  which  must  be  altered 
or  softened  by  heat  or  strong  acid,  until  it  allows  the  stain  to 
penetrate. 
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Once  stained,  they  again  differ  from  the  parent  cells  in  resisting 
decolorisation  ;  this  fact  is  taken  advantage  of  to  double-stain  spore- 
bearing  bacilli  (Fig.  7). 

In  staining  micro-organisms,  the  protoplasm  is  sometimes  broken 
up  into  irregular  segments  or  granules,  as  in  many  spirilla,  and  we 
may  add  the  bacilli  of  tuberculosis  and  leprosy.  The  beaded 
Appearance  of  the  tubercle  bacillus  is  well  known.  Some  observers 
have  regarded  the  beads,  others  the  bright  spaces  between  them, 
as  spores.  But  spores  in  unstained  preparations  appear  as  glistening 
bodies  with  sharp  contour.  They  do  not  stain  at  all,  or  very  little, 
by  the  ordinary  processes.  These  considerations  led  the  author  to 
stain  and  examine  tubercular  sputum  and  pure-cultures  under 
careful  illumination,  and  with  such  lenses  as  Powell  and  Lealand\s 
^  in.  hom.  imm.    The  tubercle  bacillus  in  sputum  (Fig.  8),  as  a  rule, 
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Fig.  8.— Bacilu  of  Tubercle  in  Sputum,   x   2600  (from  photograpluj). 

consists  of  a  very  delicate  sheath,  holding  together  a  number  of 
deeply  stained  granules,  for  the  most  part  round  or  cylindrical,  with 
irregular  contour,  and  differing  considerably  in  size,  while  the  light 
interspaces  are  seen  to  vary  in  form  according  to  the  shape  of  the 
granules.  On  tfee  other  hand,  particularly  in  old  cultures,  more  or 
less  spherical,  sharply  defined  bodies  are  observed  in  the  bacilli,  and 
also  set  free.  These  are  the  true  spores  of  the  tubercle  bacillus, 
and  are  quite  distinct  from  the  irregular  granules.  There  can  be 
no  doubt  that  a  tubercle  bacillus  consists  of  a  very  delicate  sheath, 
with  protoplasmic  contents  which  have  a  great  tendency  to  break 
up  or  coagulate  into  little  segments  or  roundish  granules,  partly 
owing  to  their  age  and  the  conditions  under  which  they  are  grown, 
and  partly  to  the  treatment  they  are  subjected  to  in  making  a 
microscopical  preparation.  This  does  not  always  occur,  for  the 
bacilli  at  times  are  not  beaded,  but  are  stained  in  their  entirety. 
In  the  leprosy  bacilli  a  similar  appearance  occurs.     In  stained 
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sections  the  rods  have  a  beaded  appearance,  but  the  intervals  between 
the  granules  are  sometimes  very  long,  and  occasionally  the  protoplasm 
appears  to  have  collected  only  at  the  extreme  ends  of  the  rod. 

The  appearances  in  the  case  of  the  bacillus  of  glanders  and  the 
bacillus  of  hsemorrhagic  septicaemia  may  be  similarly  explained. 

The  fact  that  tubercular  sputum  preserves  its  virulence  for 
several  months,  even  after  desic(^tion,  is  to  be  attributed  to  the 
formation  of  spores.  Bab^  claims  to  have  succeeded  in  differen- 
tiating them  by  double  staining. 

In  his  definition  of  spirilla,  Zopf  gives  the  spore-formation  an 
absent  or  unknown.  In  comma-bacilli  in  sewage  water  the  author 
has  often  noted  appearances  suggestive  of  refractive  spores;  and 
the  same  also  may  be  observed  in  vibrios,  differing  by  their  regular 
contour  from  the  irregular  spaces  occasionally  observed  in  stained 
preparations ;  but  they  are  only  vacuoles. 
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FlO.   9.— GOMMA-BACILLI  IN  SkW-  FiO.  10.  ViBKIOH  IN  WaTKB  CON- 

AOB     WaTEB,    stained     WITH  TAMINATRD      WITH     SkWAOB, 

Gentian  Violet,   x  1200.  x  1200. 

Respiration  and  Nutrition. — Like  all  a-chlorophyllous  vegeta- 
bles, bacteria  require  for  their  nutrition  oxygen,  nitrogen,  carbon, 
water,  and  certain  mineral  salts.  Many  require  free  access  to  oxygen, 
others  can  derive  it  from  the  oxidised  compounds  in  the  medium 
in  which  they  grow.  Pasteur  divided  bacteria  into  two  great  classes 
— the  aerobic  and  anaerobic,  and  considered  that  the  latter  net 
only  had  no  need  of  oxygen,  but  that  its  presence  was  actually 
deleterious.  Though  this  view  must  be  considerably  modified,  the 
terms  are  convenient,  and  are  still  retained.  They  are  well  illus- 
trated by  the  bacillus  of  anthrax,  and  the  bacillus  of  malignant 
oedema;  and  a  simple  plan  of  demonstration  has  been  employed 
by  the  author.  A  fragment  of  tissue  from  the  spleen,  for  example, 
known  to  contain  anthrax  bacilli,  is  deposited  with  a  sterilised 
inoculating  needle,  with  the  necessary  precautions,  on  the  surface  of 
nutrient  agar-agar  in  a  test-tube;  another  tube  of  nutrient  agar- 
agar  is  liquefied,   and   when   ct)o\ed  down  almost  to  the  point  of 
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gelatinisation,  a  part  is  poured  into  the  first  tube,  so  that  when  it 
sets  the  piece  of  tissue  is  completely  embedded.  A  piece  of  tissue 
from  an  animal  suffering  from  malignant  oedema  is  treated  in  the 
same  way,  and  the  tubes  are  placed  in  the  incubator.  If  we 
examine  them  after  two  or  three  days,  we  shall  find  no  change  in 
the  anthrax  tube ;  the  bacillus  being  eminently  aerobic,  no  growth 
whatever  has  occurred.  In  the  tube  containing  the  bacilli  of 
malignant  oedema  there  will  be  a  more  or  less  characteristic 
cultivation. 

The  nitrogen  which  is  essential  for  building  up  their  protoplasm 
can  be  obtained  either  from  albumins,  or  from  ammonia  and  its 
derivatives.  That  the  albumins  can  be  dispensed  with  was  shown 
by  Pasteur,  who  employed  an  artificial  nourishing  solution  consti- 
tuted upon  a  formula  representing  the  essential  food  constituents. 

Carbon  is  derived  from  such  substances  as  cane  sugar,  milk 
sugar,  and  glycerine,  and,  in  some  cases,  by  the  splitting  up  of 
complex  proteid  bodies. 

AVater  is  essential  for  their  growth,  but  deprivation  of  water 
does  not  kill  all  bacteria.  Desiccation  on  potato  is  employed  for 
preserving  some  micro-organisms,  as  a  new  growth  can  be  started, 
when  required,  by  transferring  some  of  the  diied  potato  to  fresh 
nourishing  ground.  Comma-bacilli,  on  the  other  hand,  are 
destroyed  by  drying.  Sugar  is  used  in  making  preserves,  because 
by  abstracting  water  it  prevents  the  development  of  micro- 
oi'ganisms. 

Mineral  or  inorganic  substances,  such  as  compounds  of  sodium 
and  potassium,  and  different  phosphates  and  sulphates,  are  necessary 
in  small  proportions. 

Circumstances  affecting  the  .Growth  of  Bacteria. 

Xature  of  the  Soil. — Though  we  know  the  elements  necessary, 
we  are,  nevertheless,  as  yet  unable  to  provide  a  pabulum  suitable  for 
all  kinds  of  bacteria.  Thus  we  ai-e  quite  unable  to  cultivate  some 
species  artificially.  Others  will  only  grow  upon  special  media. 
Many  grow  upon  nutrient  gelatine ;  but  some  species  only  if  it  be 
acid  or  alkaUne  respectively.  Whether  in  the  latter  case  this  Ls  due 
purely  to  the  reaction  or  to  the  presence  of  the  particular  ingredients 
is  an  unsettled  point.  Though  the  comma-bacillus  of  Koch,  like  the 
majority  of  organisms,  grows  best  on  an  alkaline  medium,  yet  it 
is  well  known  to  flourish  at  the  temperature  of  the  blood  on  the 
surface  of  potato,  which  is  acid. 
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Temperature, — The  influence  of  temperature  on  bacteria  will  Xte 
found  to  vary  according  to  the  Kj)ecieH,  but  still  for  the  majority  we 
may  distinguish  a  maximuntf  optimum^  and  minimum  temperature. 

Many  grow  best  at  the  temperature  of  the  blood,  and  hence  the 
value  of  nutrient  agar-agar,  which  is  not  hquefied  at  37°  C.  The 
tubercle  bacillus  will  only  grow  satisfactorily  at  a  temperature 
varying  between  30°  C.  and  41°  C.  On  the  other  hand,  many  forms 
grow  between  the  limits  of  5°  C.  and  45°  C.  At  these  temjieratures 
their  functional  activity  is  paralysed,  but  they  are  not  destroyed, 
for  by  removal  to  favourable  conditions  they  spring  again  into  life. 
Bacteria  seem  to  have  a  special  iK>wer  of  resisting  the  effects  of  cold. 
It  has  been  stated  that  comma -bacilli  exposed  to  a  temperature 
of— 10°  C  for  an  hour,  and  bacilli  of  anthrax  after  exixisure  to  a 
temperature  of— 110°  C,  still  retiiined  their  vitality.  Temjwratures 
over  50°  to  60°  C.  destroy  most  bacteria,  but  not  their  siwi-es ;  spores 
of  anthrax  retain  their  vitality  after  immersion  in  boiling  water,  but 
are  destroyed  by  prolonged  boiling.  Roughly  s})eaking,  all  patho- 
genic bacteria  grow  best  at  the  temperatui'e  of  the  blood,  and 
non-pathogenic  bacteria  at  the  ordinary  tem[)eratui'e  of  the  I'oom. 

Movement. — Bacteria  probably  grow  best  when  left  undisturbed. 
Violent  agitation  of  a  vessel  in  which  they  are  growing  certainly 
retards  their  growth,  but  a  steady  movement  is  stated  not  to  affect 
it ;  at  any  rate,  anthrax  bacilli  gi*ow  with  enormous  rapidity  in  the 
blood-vessels,  in  spite  of  the  circulation. 

Compressed  Air. — Paul  Bert  maintained  that  a  pressure  of 
twenty-three  to  twenty-four  atmospheres  stopped  all  development 
of  putrefactive  liacteria.  Oxygen,  under  a  pressure  of  Ave  or  fdx 
atmospheres,  is  stated  to  stop  their  growth.  Other  oWrvers  have, 
however,  obtained  different  results. 

Gases. — Hydrogen  and  carbonic  acid  are  stated  to  stop  the 
movements  of  the  motile  bticteria.  Chloroform  is  l)elieve<i  to  an^est 
the  changes  brought  about  by  the  zymogenic  s])ecies. 

Electricity. — Cohn  and  Mendelssohn  found  that  a  constant 
galvanic  current  producecl  a  deleterious  effect  owing  to  eU^ctrolysia. 
At  the  positive  jM)le  the  liquid  became  distinctly  acid,  and  at  the 
negative  pole  distinctly  alkaline.  With  a  weak  current  there 
appeared  to  be  no  effect,  two  powerfid  cells  at  the  very  legist  being 
necessary. 

Light. — Downes  has  shown  that  sunlight  is  fatal  to  putrefactive 
bacteria.  This  is  believed  to  be  due  to  a  process  of  induced  hyper- 
oxidation,  from  which  living  organisms  ordinarily  are  shielded  by 
protective   developments   of   the  cell-wall,  or  of  colouring-matter, 
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which  cut  off  injurious  rays.  Duclaux  has  investigated  the  same 
subject,  and  observed  that  micrococci  were  more  sensitive  to  sun- 
light than  the  spore-bearing  bacilli.  Engelmann  has  described  a 
bacterium  whose  movements  cease  in  the  dark,  and  Zopf  states  that 
in  his  cultures  of  Beggiatoa  roseo-persicina  the  growth  was  much 
more  strongly  developed  on  the  side  of  the  vessel  facing  the  light. 
Arloing,  Marshall  Ward,  and  Dieudonn^  have  studied  the  effect 
of  the  sun's  rays  on  anthrax  spores,  and  on  chromogenie  and 
other  bacteria,  and  maintain  that  they  are  bactericidal.  The 
effect   is  due  chiefly,  if  not  entirely,  to  the  blue  rays. 

Chemical  Reagents, — Many  substances,  such  as  carbolic  acid, 
corrosive  sublimate,  chlorine,  bromine,  have  a  marked  effect  u}>on 
the  growth  of  bacteria.  This  will  be  more  fully  described  in 
another  chapter.  In  several  cases  the  bacteria  themselves  secrete 
a  substance  which  is  injurious  to  their  future  development. 

Products  of  Growth. 

Bacteria  may  be  grouped  together  according  to  the  changes  pro- 
duced in  the  media  in  which  they  grow.  Thus  we  have  pigment- 
forming,  phosphorescent,  fermentative,  putrefactive,  nitrifying,  and 
disease-producing  bacteria. 

Chromogenie  or  pigment-forming  bacteria  elaborate  during  their 
growth  definite  colour  stuffs.  Such  species  are  exemplified  by  Bacillus 
violaceus,  which  produces  a  striking  purple  growth ;  Bacillus 
pyocyaneus,  which  secretes  pyocyanin,  a  substance  which  has  been 
isolated  and  obtained  in  a  crystalhne  form  ;  Micrococcus  prodigiosus, 
which  produces  a  pigment  allied  to  fuchsine ;  Beggiatoa  roseo-per- 
sicina, which  is  characterised  by  the  presence  of  bacterio-purpurin ; 
Sarcina  lutea,  Bacillus  cyanogenus,  and  many  others. 

Photogenic,  or  light-producing,  bacteria  are  found  more  especially 
in  sea-water.  There  are  several  species  of  phosphorescent  bacilli, 
and  according  to  Beyrinck  the  best  medium  for  their  cultivation  is 
fish-broth  made  with  sea-water.  Photographs  can  be  obtained  of 
cultures  by  their  own  light. 

Zymogenic  or  ferment  bacteria  produce  their  changes  in  non- 
nitrogenised  media.  Bacterium  aceti,  by  its  growth  produces  the 
acetic  fermentation  in  wine  by  which  alcohol  taking  up  atmospheric 
oxygen  is  converted  into  vinegar : — 

C«H«0   +   0«  =  CH*0«  +   H*0. 

The  fermentation  of  urine,  by  which  urea  is  converted  into  carbonate 
of  ammonia,  can  be  brought  about  by  several  micro-organisms,  Imt 
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notably  by  the  Bacterium  iirese.     The  change  produced  Is  represented 
by  the  following  formula  : — 


^^{nh«  **■  ^^^  =  ^^^*^  -^'^'• 


Ciostndium  butyricum  converts  the  salts  of  lactic  acid  into 
butyric  acid,  producing  the  butyric  fermentation  in  solutions  of 
starch,  dextrine,  and  sugar.  Tliese  bacteria  are  agents  in  the 
npening  of  cheese,  and  the  production  of  sauerkraut.  Thus,  in  a 
solution  neutralised  with  calcium  carbonate : — 

2[Ca(C"II*0"yi  +  H«0  =  Ca(C^irO-;»  +  CaC()»  +  300'  +  H\ 

In  the  so-called  viscous  fermentation  of  wines,  Streptococcus  viscosus 
produces  a  gummy  substance.  Acconling  to  Pasteur,  the  change 
may  be  thus  repi-esented  : — 

25(C"H"0»')  +  25(HH))  =  12(C"1I»0'*)  +  24(C*n'«(^«)  4. 

12((;0«)  +  12(11*0). 

And  as  another  example,  the  Bacillus  acidi  lactici  may  be  mentioned,. 

through  the  agency  of  which  sugar  of  milk  is  cx)n verted  into  lactic 

acid : — 

C^HMQii  _  4(c^H«o«). 

Saprogenic  or  putrefactive  bacteria  play  a  mast  im|)oi'tant  part 
in  the  economy  of  nature.  They  pixxluco  changes  allied  to  fermenta- 
tion in  complex  organic  substances.  Their  action  on  j)roteitls, 
according  to  Hoppe-Seyler,  may  l>e  coni|)ared  to  digesticm ;  bodies 
like  j)eptones  are  fir&t  produced,  then  leucin,  tyrosin,  and  fatty 
acids  ;  lastly  indol,  phenol,  Hulphui*ette<l  hydrogen,  annnonia,  carbonic 
acid,  and  water.  They  abstract  the  elements  they  require,  and  the 
i*emainder  enter  into  new  combinations.  AsscK'iati^l  with  the  forma- 
tion of  these  sulmtances  nve  certain  iKidies  which  have  a  poisonous 
effect  when  intixnluced  into  animals.  These  poisonous  alkaloids, 
ptomai7i€8y  pixxluce  a  se})tic  {>ois(>ning,  which  must  be  distinguished 
from  septic  infection.  The  effects  of  septic  jxiisoning  depend  on  the 
dose,  whei*eas  the  effi»cts  of  septic  infection  ai-e,  to  a  certain  extent, 
indei)endent  of  the  dose.  A  small  ({uantity  of  a  septic  jx)ison  may 
produce  only  transient  effects,  and  a  relatively  large  (piantity  may 
l)e  necessiiry  to  pHnluce  vomiting,  rigoi's,  and  death.  Septic  in- 
fection, on  the  other  hand,  may  result  e<pially  from  a  small  dose, 
1)ecause  the  poison  introduced  is  a  living  organism  which  is  capable 
of  pro|)agation  and  multipHcation.  Our  knowledge  of  these 
alkaloids  is  largely  attributable  to  the  I'esearches  of  Selmi,  Gautier, 
and  Brieger,  and  the  result  of  their  work  will  ]\e  referred  to  again. 
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Nitrif^ng  bacteria  play  a  very  important  part  by  providing 
plant  life  with  a  most  necessary  food.  They  occur  in  the  soil,  and 
two  kinds  have  been  described — ^the  one  kind  converting  ammonia 
into  nitrons  acid,  and  the  other  changing  nitrous  into  nitric  acid. 
To  Winogradsky  and  Frankland  we  are  principally  indebted  for  our 
knowledge  of  these  bacteria. 

Pathogenic  bacteria  are  those  which  are  genetically  related  to 
disease.  Many  organisms  have  been  supposed  to  be  pathogenic,  or 
have  been  described  in  connection  with  diseases,  which  are  only 
saprophytic  associates.  By  saprophytic  we  mean  organisms  which 
feed  upon  dead  organic  matter.  They  include  many  forms  which 
are  foimd  on  the  skin,  in  the  intestinal  canal,  and  sometimes  in  the 
internal  organs,  especially  the  Uver  and  kidneys ;  the  tissues  have 
lost  their  vitaUty,  and  the  organisms,  through  some  lesion,  have 
been  carried  into  the  circulation. 

That  many  organisms  are  causally  related  to  disease,  there  is 
strong  evidence  in  proof.  No  organism  ciin  be  considered  to  be  pro- 
ductive of  disease  unless  it  fulfils  the  conditions  which  have  been 
laid  down  by  Koch.  Great  stress  must  be.  laid  upon  the  importance 
of  successive  cultivation  through  many  generations,  as  the  objection 
that  a  chemical  virus  may  be  carried  over  from  the  original  source 
is  thus  overcome.  Any  hypothetical  chemical  poison  carried  over 
from  one  tube  to  another  would,  after  a  gre8.t  number  of  such 
cultivations,  be  diluted  to  such  an  extent  as  to  be  inappreciable 
and  absolutely  inert. 

Though  we  may  accept  as  a  fact  the  existence  of  pathogenic 
organisms,  we  are  not  in  all  cases  in  a  position  to  assert  the  means 
by  which  they  produce  their  deleterious  or  fatal  effects.  Many 
theories  have  been  propounded.  It  has  been  suggested  that  the 
pathogenic  organisms  may  be  compared  to  an  invading  army. 
The  cells  or  phagocytes  arrayed  against  them  endeavour  to  as- 
similate and  destroy  them,  but  perish  themselves  in  the  attempt. 
This  might  explain  the  breaking  down  of  tissue,  and  the  for- 
mation of  local  lesions,  but  does  not  assist  us  in  understanding 
the  fatal  result  in  thirty-six  to  forty-eight  hours  produced  by  the 
inoculation  of  the  bacilU  of  anthrax.  Another  view  is  that  the 
invading  army  seizes  upon  the  commissariat,  appropriating  the 
general  pabulum,  which  is  so  essential  to  the  life  of  the  tissues. 
This  would  hardly  account  for  so  acute  and  fatal  a  result  as  in 
anthrax,  but  would  lead  one  to  expect  symptoms  of  inanition  and 
gradual  exhaustion.  Moreover,  against  this  theory  we  have  the 
fact   that   death   may   result,    in   some  cases,    with   the    presence 
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of  comparatively  few  bacilli  in  the  blood ;  and,  again,  the 
blood  may  teem  with  parasites  such  as  the  flagellated  monads  in 
well -nourished,  healthy-looking  rats,  without  apparently  causing 
any  symptoms  whatever.  In  the  same  category  may  be  placed  the 
theory  that  eminently  aerobic  organisms  seize  upon  the  oxygen  of 
the  blood  and  produce  death  by  asph3rxia.  Another  explanation  is 
afforded  by  the  suggestion  of  interference  with  the  functions  of  the 
lung  and  kidney  by  mechanical  blocking  of  the  capillaries.  Here 
the  same  objection  is  met  with  in  the  case  of  anthrax,  the  same 
fatal  result  may  occur  with  only  a  few  bacilli,  while  other  cases 
3deld  very  beautiful  sections,  looking  like  injected  preparations  from 
the  mapping  out  of  the  capillaries  with  the  countless  crowds  of 
bacilli. 

Putrefactive  bacteria  derive  their  necessary  elements  from  com- 
plex organic  substances,  and  accompanying  the  residue  we  find  the 
presence  of  poisonous  substances.  Pathogenic  bacteria,  in  a  similar 
way,  give  rise  to  virulent  poisons.  Anthrax  bacilli  produce  poisonous 
principles  in  the  blood  which  cause  death,  independently  of  the 
number  of  bacilli,  provided  there  are  sufficient  present  to  develop  a 
fatal  dose. 

It  has  l)een  also  suggested  that  possibly  a  special  fei*ment  is 
secreted  by  some  organisms,  and  that  by  the  changes  ultimately 
wrought  by  the  action  of  this  ferment  the  symptoms  and  phe- 
nomena of  disease  arise.  We  have  an  analogy  with  this  theory 
in  the  alkaline  fermentation  of  urine  by  means  of  the  torula  ui*ese. 
By  the  researches  of  Musculus,  and  later  of  Sheridan  Lea,  it  has 
been  shown  that  a  ferment  is  secreted  by  the  cells  which  (^an  be 
isolated  in  aqueous  solution,  and  is  capable  of  rapidly  inducing  an 
active  fermentation  of  urea. 

We  can  now  understand  how  it  is  that  in  anthrax  or  in  tuber- 
culosis we  may  find  the  presence  of  only  a  few  bacilli,  or  that  in 
tetanus  we  can  have  such  a  violent  disturbance  of  the  system 
produced  by  the  presence  of  very  few  micro-organisms.  We  may 
conceive  that  different  species  of  bacilli  may  vary  greatly  in  their 
power  of  producing  a  toadn  or  secreting  a  ferment,  just  as  the 
elaboration  of  pigment  is  much  more  marked  in  some  species  than 
in  others ;  thus  it  need  not  follow  that  the  number  of  micro- 
organisms bears  any  relation  to  the  virulence  or  activity  of  the 
substance  they  produce.  There  is,  however,  yet  another  factor  in 
the  production  of  disease.  We  know  that  in  health  we  are  proof 
against  most  of  these  micro-organisms  ;  if  it  were  not  so,  we  should 
all  rapidly  fall  victims  to  the  tubercle  bacillus  or  others,  which  in 
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health  we  inhale  with  impunity.  We  know  that  a  microbe  may  only 
cause  a  local  lesion  in  one  animal,  but  death  in  another.  It  is  still 
more  striking  that  the  same  micro-organism,  as  Ls  the  case  with 
anthrax,  may  have  no  effect  whatever  upon  certain  species  of 
animals,  though  it  is  deadly  to  others.  Again,  an  animal  naturally 
susceptible  to  the  effect  of  a  pathogenic  organism  may  l>e  rendered 
proof  against  it.  These  matters  will  be  discussed  in  a  future 
chapter. 

Distribution  of  Bacteria. 

Bacteria  are  commonly  described  as  ubiquitous.  They  are  ever 
present  in  the  air,  though  not  in  such  exaggerated  numbers  as  is 
commonly  supposed.  In  nutrient  media  exposed  to  the  air  one  is  often 
astonished  at  times  at  the  comparatively  few  bacteria  which  develop 
in  comparison  to  the  amount  of  floating  matter,  such  as  mineral 
particles,  scales,  spores  of  fungi  and  debris  known  to  be  present. 
In  water  they  are  also  present  in  considerable  numbers,  though  of 
course  varying  according  to  the  character  of  the  water.  Wherever 
there  is  putrefaction,  they  are  present  in  vast  numbers.  In  the  soil, 
in  sewage,  in  the  intestines  and,  in  uncleanly  persons  especially, 
on  the  skin  and  between  the  teeth,  various  species  may  always  be 
found,  but  in  the  healthy  blood  and  healthy  tissues  bacteria  are 
never  present.  In  a  previous  chapter  the  method  of  examining  the 
blood  of  living  pei'sons  has  been  described,  and  there  is,  by  this 
means,  ample  opportunity  for  satisfying  oneself  that  bacteria  are 
never  to  be  found  in  the  blood  in  health.  The  organs  removed  from  a 
perfectly  healthy  animal,  with  the  necessary  precautions,  and  placed 
in  sterilised  media,  can  be  kept  indefinitely  without  undergoing 
putrefaction,  or  giving  any  development  of  bacteria.  This  has  been 
established  by  many  observers,  notably  Cheyne  and  Ilauser ;  and 
the  results  of  former  observers  to  the  contrary  must  be  attributed 
to  imperfect  methods  admitting  of  accidental  contamination. 


CHAPTER    III. 

EFFECT  OF   ANTISEPTICS  AND   DISINFECTANTS   ON    BACTERIA. 

In  the  previous  chapter  several  conditions  were  alluded  to  which 
affected  the  growth  of  bacteria,  such  as  the  nature  of  the 
n4itrient  soil,  temperature,  light,  and  electricity.  The  effect  of 
certain  chemical  substances,  and  of  excessive  heat  and  cold,  was 
also  mentioned ;  but  this  constitutes  a  subject  of  such  practical 
importance  that  it  must  be  considered  more  fully. 

Agents  which  retard  the  growth  of  bacteria  are  generally  spoken 
of  as  antiseptics,  as  distinguished  from  disinfectants  which  altogether 
<lestroy  their  vitality. 

Though  chemical  disinfectants,  or  germicides,  when  diluted,  act 
as  efficient  antiseptics,  the  converse,  that  an  antiseptic  in  a  suffi- 
ciently concentrated  form  will  act  as  a  disinfectant,  is  not  the  case. 
The  term  **  antiseptic,"  indeed,  should  be  restricted  to  those  sub- 
stances or  agents  which  arrest  the  changes  bacteria  produce,  but 
which  do  not  [)revent  their  springing  into  activity  when  removed 
to  favourable  conditions.  Thus  excessive  heat,  which  desti-oys 
bacteria  and  their  si)ores,  is  a  true  disinfectant ;  and  excessive  cold, 
which  only  benumbs  them,  retarding  their  development  without 
killing  them,  is  an  antiseptic. 

Sjjores  have  a  greater  power  of  resisting  the  action  of  these 
various  agents  than  the  parent  cells,  and  many  species  of  micro- 
organisms differ  from  each  other  in  their  resisting  power.  An 
exact  knowledge  of  the  subject  can,  therefore,  only  be  based  upon 
investigations  wliich  will  determine  the  effect  of  these  agents  upon 
pure  cultivations  of  the  different  micro-organisms  causally  related  to 
putrefaction  and  disease.  In  the  latter  case,  esj>ecially,  this  is  not 
possible  in  the  present  state  of  our  knowledge.  In  some  cases  oi 
communicable  disease  there  is  considerable  doubt  as  to  the  etiological 
imi>ortance  of  the  organisms  which  have  been  described ;  in  other 
cases  no  organisms  have  as  yet  been  discovered,  or  the  organisms 
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cannot  be  artificially  cultivated,  or  the  disease  is  not  reproduced  by 
inoculation,  so  that  there  is  no  means  of  testing  whether  the  agents 
have  had  any  effect.  One  can,  therefore,  only  draw  general 
conclusions  by  selecting  some  well-known  pathogenic  and  non- 
pathogenic micro-organisms,  and  considering  the  influence  of 
chemicals,  of  hot  air  and  of  steam  upon  them,  as  representing  the 
•effect  upon  the  various  contagia  of  disease  and  the  causes  of 
putrefaction. 

Such  knowledge  must  necessarily  prove  of  the  greatest  im- 
portance :  to  the  sanitarian,  who  is  concerned  in  preventing  the 
spreading  of  disease  and  in  the  disposal  of  putrefactive  matter;  to 
the  surgeon,  who  is  anxious  to  exclude  micro-organisms  during 
surgical  operations,  and  to  arrest  the  development  of  bacteria  which 
have  already  gained  an  entrance  in  wounds;  to  the  physician,  in 
the  treatment  of  micro-parasitic  diseases. 

The  sanitarian  and  the  surgeon  must  profit  directly  by  such 
experiments,  for  in  the  disinfection  of  clothes  and  the  sick-room  by 
the  one,  and  in  the  application  of  antiseptic  dressings  and  lotions 
by  the  other,  the  mici-o-organisms  are  encountered,  as  in  the  experi- 
ments, outside  the  living  body. 

The  physician,  on  the  other  hand,  is  principally  concerned  in 
dealing  with  micro- parasites  when  circulating  in  the  blood,  or 
carrying  on  their  destructive  processes  in  the  internal  tissues.  So 
far  as  our  knowledge  at  present  goes,  the  physician  can  avail  him- 
self but  little  of  the  effect  of  the  direct  application  of  the  substances 
which  have  been  found  to  retard  or  destroy  the  growth  of  the 
organisms  in  artificial  cultivations,  for  the  concentrated  form  in 
which  they  would  have  to  be  administered  would  prove  as  deleteri- 
ous or  as  fatal  to  the  host  as  to  the  parasites.  Thus  Koch  has 
jitated  that  to  check  the  growth  of  the  anthrax  bacillus  in  man  it 
would  be  necessary  that  there  should  be  twelve  grammes  of  iodine 
constantly  in  circulation,  and  that  the  dose  of  quinine  necessary 
to  destroy  the  spirilla  of  relapsing  fever  would  be  from  twelve  to 
sixteen  grammes.  The  retarding  influence,  however,  of  certain 
iiubstances  when  diluted,  and  the  fact  that  disinfectants  are  some- 
times equally  efficacious  in  a  diluted  form  when  their  application  Ls 
prolonged,  seem  to  indicate  measures  which  may  be  adopted,  in  some 
cases,  with  chances  of  success,  such  as  the  inhalation  of  antiseptic 
vapours  in  phthisis.  For  the  most  part  the  physician  must  look 
rather  to  combating  the  effects  of  micro-organisms  by  restoring  to 
its  normal  standard  the  lowered  vitality  which  enabled  the  bacteria 
to  get  a  footing. 
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Tlittre  in  no  wider  field  for  research  than  the  determination  of 
the  real  effect  of  dimnfectantn  and  antiseptics.  Painstaking  and 
laborious  jis  the  researches  are  which  have  been  hitherto  made,  the 
subject  is  so  biwet  with  fallacies,  leading,  in  some  cases,  to  totally 
erroneous  (X)nclusions,  that  it  Ls  not  surprising  that  one  meets  on 
all  sides  with  conflicting  statements.  The  author  has  no  intention 
of  analysing  these  results,  but  a  general  idea  will  be  given  of  the 
niethiMls  which  have  been  employed,  and  for  further  details  reference 
must  l>e  made  to  the  original  papers  mentioned  in  the  bibliography. 

Chetnicfd  Stihstancea, — It  was  customary  to  judge  of  the  power 
of  a  disinfwtant  or  antiseptic  by  adding  it  to  some  putrescent  liquid. 
A  small  ix)rtion  of  the  latter  was,  after  a  time,  transferred  to 
some  suitable  nourishing  medium,  and  the  efficacy  of  the  sulistance 
estimateil  by  the  alienee  of  cloudiness,  odour,  or  other  sign  of 
development  of  bacteria  in  the  inoculated  fluid.  Koch  i)ointed  out 
the  eiTors  that  might  ai*ise  in  these  experiments  from  accidental 
contamination,  or  from  there  being  no  evidence  of  the  destruction 
of  siK)res,  and  we  are  indebted  to  him  for  a  complete  and  careful 
series  of  oliservations  with  more  exact  methods. 

Instead  of  employing  a  mixture  of  bacteiiji,  K<X!h's  plan  was  to 
subject  a  pure  cidtivation  of  some  well-known  s()ecies  with  marke<l 
characteristicj*  to  the  reagent  to  be  teste<l.  A  small  (piantity  wafl 
then  transfeiTed  to  fresh  nourishing  soil,  under  favourable  con- 
ditions, side  by  side  with  nutneiit  material  in(M!ulatod  from  a 
cultivation  without  treatment  with  the  disinfectant.  The  latter 
constituted  a  contn)l  test,  which  is  most  esnential  in  all  such 
exiwriments.  To  test  the  resistant  power  of  baxrtoria  which  are 
easily  destroye<l,  two  si)ecies  were  selected.  Micrococcus  prodigiosus^ 
an<l  the  bacillus  of  blue  pus.  These  were  cidtivated  on  {Kitatoes^ 
the  surfaces  of  which  were  sliced  ofT  and  drie<l.  A  fragment  trans- 
ferre<l  t^)  freshly  prej)ared  j)otato  gave  rise  to  a  growth  of  the 
pai-ticular  micro-organism  ;  but  if  after  treatment  with  some  reagent 
no  gix)wth  occurre<l,  the  conclusion  was  drawn  that  the  rejigent  was 
efficacious  in  destroying  the  vitality  of  the  bacteria. 

Anthrax  bacilli  in  blood,  withdrawn  from  an  animal  just  killed, 
were  taken  to  represent  s|K)reless  bacteria,  while  silk  threads  Hteei)ed 
in  an  artificial  cultivation  of  the  bacilli  and  dne<l,  afforded  a  means 
of  testing  the  vitality  of  sj)ores. 

Even  by  employing  pure  cultivations  on  solid  media,  gi*eat 
pificftutioiis  wei*e  necessary  to  avoid  mistakes.  When,  for  instance, 
a  large  (piantity  of  the  growth  which  had  been  subjected  to  some 
chemical   soUition  was  carried   over  to  the   fi'esh   tul)e   containing 
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the  nutrient  medium,  or  when  a  silk  thread,  which  had  been  tlii>ped 
in  a  sohition,  was  directly  transferred  to  the  new  soil,  enough  of  the 
supposed  disinfectant  might  be  mechanically  carried  over  to  retard 
the  development  of  the  bacteria,  though  it  was  ineffectual  in 
destro3dng  them.  From  a  growth  not  appearing,  it  was  concluded 
that  the  spores  or  the  bacteria  had  been  affected,  and  so  a 
mistake  occurred.  To  avoid  this,  Koch  made  a  point  of  transfer- 
ring a  minimum  of  the  disinfected  growth  to  as  large  a  cultivation 
ai*ea  as  possible,  so  that  any  chemical  substance  mechanically 
carried  over  would  be  so  diluted  as  to  be  inei*t.  For  the  same 
reason,  threads,  after  withdrawal  from  the  disinfecting  solution, 
were  rinsed  in  sterilised  water,  or  weak  alcohol,  and  then  trans- 
planted; or,  instead  of  judging  from  the  development  on  nutrient 
gelatine,  the  effect  of  inoculation  in  a  healthy  animal  was  made 
the  test. 

A  few  examples  may  be  quoted  in  illustration.  Silk  threads, 
impregnated  with  anthrax  spores,  were  placed  in  bottles  containing 
carboHc  acid  of  various  strengths.  A  thread  was  removed  from  each 
on  successive  days,  and  transferred  to  nutrient  gelatine,  and  the 
result  noted.  It  was  found  that  immersion  of  the  thread  in  a  5  per 
cent,  solution  of  carbolic  acid  was  sufficient  in  two  days  to  effect 
complete  sterihsation,  and  seven  days  in  a'  3  per  cent,  solution  was 
equally  efficacious.  Since  for  practical  purposes  a  strength  shoidd 
be  selected  which  would  be  effectual  in  twentv-four  hours,  Koch 
recommended  that  for  general  use,  allowing  for  deterioration  by 
keeping,  a  solution  containing  not  less  than  5  per  cent,  shoidd  be 
employed,  and  for  complex  fluids  probably  a  still  higher  percentage 
would  be  necessary.  In  the  case  of  sporeless  bacilli  the  results  were 
very  different.  Blood  containing  the  baciUi,  from  an  animal  just 
killed,  was  dried  on  threads,  and  after  exposure  for  two  minutes  to 
a  1  per  cent,  solution,  was  completely  sterilised;  and  fresh  blood 
mixed  with  a  1  per  cent,  carbolic  solution  produced  no  effect  when 
inoculated.  On  the  other  hand,  when  the  blood  was  mixed  with  a 
•5  per  cent,  solution,  the  vindence  was  not  destroyed.  The  facility 
with  which  the  bacilli  are  destroyed,  compared  with  their  spores, 
illustrates  how  easily  errors  may  occur,  when  mere  arrest  of  growth 
or  loss  of  motility  is  regarded  as  a  sign  of  the  efficacy  of  disinfection. 

To  test  vapours,  Koch  exposed  anthrax  spores  or  the  spores 
which  occur  in  garden  earth  by  suspending  them  over  solutions, 
such  as  bromine  or  chlorine,  in  a  closed  vessel.  After  a  time  they 
were  transferred  to  a  nutrient  medium  to  test  their  \dtality.  To 
test  the  power  of  sulphurous  acid  gas,  the  spores  were  spread  about 
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in  a  I'uoni  iu  which  the  gaH  waK  generated  by  burning  sulphur  in 
the  ordinary  way  for  disinfecting  a  room.  To  teat  chemicals  which 
might  be  recommended  for  disinfecting  vans  and  railway  carriages^ 
spores  were  laid  on  boards,  which  were  then  washed  or  sprayed,  and 
the  spores  then  transferred  to  the  nutrient  gelatine. 

Sternberg  has  also  made  an  elaborate  series  of  experiments  with 
regard  to  the  action  of  germicides.  In  this  case  cultivations  of 
well-known  pathogenic  organisms  in  liquid  media  were  employed. 
The  supposed  germicide  was  added  to  the  liquid  cultivation,  and 
after  two  hours  a  fresh  flask  of  sterilised  culture  was  inoculated  from 
the  disinfected  cultivation,  and  placed  in  the  incubator.  In  twenty- 
four  to  forty-eight  hours,  if  the  chemical  proved  inefficient,  there 
was  evidence  of  a  growth  of  bacteria.  Blyth  has  investigated  the 
disinfection  of  cultivations  of  Bacterium  termo,  of  sewage,  and 
typhoid  excreta,  and,  in  conjunction  with  Klein,  the  effect  of  well- 
known  disinfectant  mateiials  on  anthrax  s{)ores.  Miquel,  Laws, 
and  others  have  also  contributed  to  our  knowledge  of  the  effect 
of  antiseptics  and  disinfectants  iqwn  micro-organisms.  In  spite  of 
all  that  has  l)een  done  there  is  room  for  many  workers ;  a  great 
deal  of  ground  must  be  gone  over  again  to  rectify  discrepancies, 
examine  conflicting  results,  and  thus  determine  what  observations 
may  be  relied  u2K>n  for  practical  application. 

This  may  be  illustrated  by  refemng  in  detail  to  some  experiments 
made  with  corrosive  sublimate.  Koch  investigated  a  long  list  of 
chemical  reagents,  and  according  to  these  exi)eriments  the  salts  of 
mercury,  and  the  chloride  especially,  pi-oveil  most  valuable.  Where 
heat  is  not  udmiBsible,  these  compounds  were  therefore  highly 
recommended,  though  their  {K)isonous  nature  is  li  drawback  to  their 
indiscriminate  use.  Koch  stated  that  for  disinfecting  a  ship's  bilge, 
where  a  5  per  cent,  solution  of  carbolic  acid  must  l>e  left  forty-eight 
liours,  a  1  in  1000  solution  of  mercuric  chloride  would  only  require 
a  few  miiuites. 

But  there  was  good  reason  for  doubting  the  efficacy  of  very  dilute 
solutioiLs;  for,  though  according  to  Koch's  ex2)eriments  anthrax 
spores  subjected  to  a  1  in  20,000  solution  of  mercuric  chloride  for 
ten  minutes,  and  then  vjdshed  in  alcohol^  gave  no  growth  in  nutrient 
gelatine,  silk  threads  exposed  for  ten  miinites  to  a  1  in  20,000 
solution,  or  even  1  in  10,000,  still  proved  fatal  to  mice. 

Herroini  cultivated  ordinary  septic  bacteria  in  albuminous 
filtrates,  containing  1  in  2000,  and  concluded  that  the  value  of 
mercuric  chloride  as  an  antiseptic  was  much  over-rated.  It  is  pre- 
cipitated by  albumins  though,  as  Lister  has  shown,  the  precipitate 
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of  albuminate  of  mercurv  is  redissolved  when  there  Ls  an  excess  of 
albumin  present. 

Geppert,  and  later  Behring,  recognised  that  the  methods  employed 
for  testing  the  efficacy  of  corrosive  sublimate  were  uni-eliable.  They 
found,  for  example,  that  corrosive  sublimate  could  not  be  removed 
from  silk  threads  by  washing ;  and  therefore  to  study  the  effect'  of 
this  antiseptic  acting  for  a  given  time,  it  was  necassary  to  dip  the 
threads  in  ammonium  sulphide  solution  after  the  treatment  with 
corrosive  sublimate. 

The  author  confirmed  the  results  of  Geppert  and  Behring,  and 
made  a  series  of  experiments  to  test  the  value  respectively  of  carbolic 
acid  and  corrosive  sublimate  in  antiseptic  surgery.  The  method 
of  dipping  an  infected  thread  into  an  antiseptic  solution  for  a  few 
minutes,  and  then  transferring  it  to  the  surface  of  a  nutrient  medium 
to  test  its  efficacy  in  a  given  time,  was  discarded  as  fallacious ;  the 
thread  being  still  wet  with  the  solution  when  transferred  to  the 
medium,  it  was  obvious  that  the  action  of  the  antiseptic  continued 
for  many  days.  To  wash  infected  silk  threads  with  alcohol  after 
exposure  to  the  antiseptic  to  stop  its  further  action,  also  proved  to 
be  a  fallacious  method,  for  the  author  found  in  control  experiments 
that  absolute  alcohol  will  destroy  Streptococcus  pyogenes,  eiysipelatis, 
and  Staphylococcus  pyogenes  aureus,  acting  for  only  one  minute. 
Other  methods  were  therefore  resorted  to,  and  cultures  on  the 
sloping  surface  of  luitrient  agar  were  at  first  used.  The  antiseptic* 
was  poured  into  the  culture  tube  until  the  growth  was  covered, 
and  when  it  had  acted  for  a  definite  time  (one  minute,  five  minutes, 
or  fifteen  minutes)  a  solution  was  added  which  immediately  stopped 
further  action.  In  the  case  of  corrosive  sublimate,  ammonium  sul- 
phide was  employed,  which  is  quite  inert  as  an  antiseptic.  The  liquid 
contents  of  the  test  tube  were  carefully  poured  off,  and  an  inoculation 
was  made  into  a  fresh  tube  of  broth  or  agar  from  the  culture  still 
adhering  to  the  surface  of  the  nutrient  medium.  As  the  results 
disproved  the  efficacy  of  corrosive  sublimate,  it  was  thought  possible 
that  the  solution  had  not  been  able  in  the  time  to  penetrate  the 
film  of  growth.  Another  plan  was  accordingly  adopted.  Cultures 
were  made  in  broth,  and  when  fully  developed  the  su{)ernatant  liquid 
was  carefully  poured  off.  Corrosive  sublimate  solution  was  added  to 
the  test  tube,  and  agitated  until  any  flocculent  masses  were  dis- 
integrated and  the  whole  of  the  liquid  became  uniformly  turbid. 
Ammonium  sulphide  was  added  when  the  time  had  expired,  and 
tubes  of  fresh  broth  were  inoculated  with  the  mixture.  In  the  case 
of  carbolic  acid  the  cultures,  after  its  action,  were  thoroughly  washed 
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with  water,  and  its  eiiicacy  tested  by  making  inoculations  from  the 
cultures  in  fresh  media.  The  results  were  entirely  in  favour  of 
carbolic  acid.  Staphylococcus  pyogenes  aureus  and  Streptococcus 
pyogenes  were  not  destroyed,  even  when  corrosive  sublimate  solution 
of  1  in  1000  was  allowed  to  act  for  an  hour.  In  the  case  of  the 
cultures  of  streptococcus  of  erysipelas  the  results  were  different. 
A  solution  of  1  in  10,000  had  no  effect,  but  1  in  4,000,  acting  for 
one  minute,  destroyed  the  culture.  With  carbolic  acid  the  results 
were  very  striking.  Cultures  were  exposed  to  solutions  of  1  in  20, 
1  in  30,  1  in  40,  1  in  50,  for  one  minute,  five  minutes,  fifteen 
minutes.  The  attempts  to  make  subcultures  in  every  case  failed. 
Carbolic  acid  1  in  40,  acting  for  only  one  minute,  was  sufficient  to 
destroy  Strej)tococcus  pyogenes  and  Streptococcus  erysi()elatis  an<l 
Staphylococcus  pyogenes  aureus.  Further  experiments  were  made 
with  tubercular  sputum,  the  test  being  subsequent  inoculation  of 
guinea-pigs.  Corrosive  sublimate  solution  as  strong  as  1  in  500  had 
no  effect,  but  1  in  20  carbolic  acid,  shaken  up  with  the  sputum  for 
one  minute,  completely  neutralised  it. 

Koch's  statements  with  reference  to  the  germicidal  jK)wer  of 
corrosive  sublimate  in  extremely  weak  solutions  had  led  Lister  to 
substitute  it  for  carbolic  acid  as  a  detergent  in  surgery.  The  author's 
experiments,  which  wei*e  undertaken  in  1892,  encouraged  Lister  to 
revert  to  the  use  of  carbolic  acid,  which,  indeed,  had  always  proved 
efficacious  in  surgical  prjictice.  Lister  {jointed  out  that  carbolic  acid 
has  also  the  great  advantage  of  combining  eagerly  with  fats  and 
epidermis,  so  that  the  seat  of  operation  can  be  effectually  cleansed. 

These  experiments  also  point  to  the  conclusion  that  carbolic  acid 
should  be  useil  in  hospital  wards  for  the  disinfection  of  tubercular 
sputum  instead  of  mercuric  chloride  and  other  less  efficacious  dis- 
infectants commonly  in  use, 

Uot  Air  and  Steam. — Koch,  in  conjunction  with  Wolfhiigel,  also 
made  exhaustive  ex()eriments  to  test  the  value  of  hot  air.  A  similar 
plan  was  adopted  to  that  employed  in  disinfection  with  chemicals. 
Bacteria  and  spores  were  subjecteil  for  a  cei*tain  time  to  a  known 
temperature  in  the  hot-air  chamber,  and  then  were  transferred  to  a 
nourishing  soil  or  inoculated  in  animals. 

Paper  parcels,  blankets,  bags,  and  pillows,  containing  samples  of 
micro-organisms  wrapped  up  inside,  were  also  placed  in  the  hot-air 
chamber,  to  test  the  power  of  penetration  of  heat. 

The  conclusions  from  these  experiments  were  as  follows  : — 

Sporeless  micro-organisms  at  a  little  over  100°  C.  are  destroyed 
in  one  hour  and  a  half. 
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Spores  of  bacilli  require  three  hours  at  1 40°  C. 

If  euelosed  iu  pillows  and  blankets,  exposure  from  tliree  to  four 
hours  to  140°  C.  is  necessarj'. 

Spores  of  fungi  require  one  and  a  half  hours  at  110°  C.  to 
115°  C. 

Further  experiments  showed  that  at  the  temperature  necessarv 
for  the  destruction  of  spores  of  bacilli  almost  all  fabrias  are  more  or 
less  injured. 

Koch,  in  conjunction  with  (laffky  and  Loffler,  also  investigatetl 
the  effect  of  steam  under  pressure  and  at  the  atmospheric  pressuiv. 

Rolls  of  flannel  with  anthrax  spores  or  earth  spoi^es,  and  a 
thermometer  wrapped  up  inside,  were  subjected  to  steam,  and 
the  results  compared  with  the  effect  obtained  with  hot  aii\ 

Thus  in  hot  air  four  hours'  exposure  to  a  temperature  of  130°  C. 
to  140°  C.  brought  the  temperature  inside  the  roll  to  85°  C,  and  the 
spores  were  not  injured ;  on  the  other  'hand,  exposure  to  steam 
under  pressure  at  120°  C.  for  one  and  a  half  hours,  raised  the 
internal  temperature  to  117°  C.  and  killed  the  spores. 

By  such  experiments  the  superior  penetrative  power  of  steam- 
heat  was  established. 

To  test  steam-heat  at  the  atmospheric  pressure,  water  was  boiled 
in  a  glass  flask  with  its  neck  prolonged  by  means  of  a  glass  tube,  the 
temperature  iu  which  was  found  to  be  uniform  throughout.  Anthrax 
and  earth  8poi*es  placed  in  the  tube  were  found  to  be  unable  to  with- 
stand ste«im  at  100°  0.  even  for  a  few  minutes.  It  was,  therefore, 
concluded  tliat  disinfection  by  steam  at  atmospheiic  pressure  was 
superior  to  hot  air  from  its  greater  efliciency,  and  to  steam  under 
pressure  from  the  simplicity  of  the  necessary  apparatus. 

Parsons  and  Klein  made  some  experiments  which  were  moi^ 
in  favour  of  drj'  heat  than  the  above.  These  observers  state  that 
anthrax  bacilli  are  destroyed  by  an  exposure  of  five  minutes  at 
from  100°  C.  to  103°  C.  and  that  anthrax  spoi-es  are  destroyed 
in  four  hours  at  104°  C,  or  in  one  hour  at  118°  C.  Guinea-pjgs 
inoculated  with  tuberculous  pus  which  had  been  exposed  for  five 
minutes  to  104°  C,  remained  unaffected.  They  concluded  that  as 
none  of  the  infectious  diseases,  for  which  disinfecting  measures 
are  in  practice  commonly  applied,  are  known  to  depend  upon  the 
presence  of  bacilli  in  a  spore -bearing  condition,  their  contagia 
are  not  likely  to  retain  their  activity  after  being  heated  for  an 
hour  to  105°  C.  (220°  Fahr.) 

In  experiments  with  steam  the  results  were  in  accordance 
with   those  already  given,  and  complete  penetration  of  an  object  t 


38  BACTERIOLOGY. 

by  Hteam-heat  for  more  than  five  ininuteH  wan  deemed  sufiicient. 
They  also  arrived  at  the  name  reMult  an  in  Koch'H  experiments, 
viz.,  that  8team-ehaml>erH  are  preferable  to  those  in  which  dry  heat 
in  employed,  though  it  muHt  be  borne  in  mind  that  some  articles, 
mich  as  leather,  are  injtured  by  exposure  to  steam. 

Practical  Application. 

Nursefl  and  others  attending  infectious  cases  should  freely  use 
I  in  40  cjirbolic  for  the  hands  and  a  weaker  solution  for  the  body 
generally.  Tlie  skin  of  patients  after  recovery  should  be  sponged 
with  1  in  40  carlK)lic.  The  dead  should  be  wrapped  up  in  a  sheet 
soaked  in  1  in  20  carbolic  acid  or  a  strong  solution  of  chloride  of 
lime.  Infected  clothing  and  bedding  should  be  burnt  unless  in  excep- 
tional cases,  when  they  may  be  disinfected  by  boiling,  or  by  exposure 
to  dry  heat  at  105^0.  to  110°0.  for  three  hours,  or  by  steaming 
at  100°  C.  for  fifteen  minutes.  Leather  and  other  articles  which 
would  be  destroyed  by  any  of  these  processes  should  be  sponged  with 
1  in  40  carbolic.  The  walls  of  the  sick-room  and  furniture  should 
be  exposed  to  the  fumes  of  burning  sulphur,  and  next  day  washed 
down  with  1  in  40  carbolic,  and  the  room  freely  ventilated  by 
opening  all  windows  and  doors.  Rags  should  be  burnt,  or  dis- 
infected by  boiling  or  exposure  to  steam  when  supplied  to  manu- 
factureiv.  The  importation  of  rags  from  places  where  there  are 
cases  of  cholera  or  small -|)ox  should  be  prohibited.  Infected  ships 
must  be  fumigated  with  sulphur,  and  the  bilge  disinfected  'W'ith 
carbolic  acid.  Infected  railway  carriages  should  be  disinfectpd  in 
the  same  way  as  a  sick-room. 

Tubercular  sputum,  cholera  and  typhoid  evacuations  and  other 
excreta  should  be  disuifected  by  I  in  20  carbolic  acid,  or  by  a  stnmg 
solution  of  chloride  of  lime. 


CHAPTER    IV. 

CHEMICAL   PRODUCTS  OF   BACTERIA. 

• 

The  products  of  the  metabolism  induced  by  bacteria  may  l>e  <Uvided 
into  three  classes  :  (1)  ptomaines  or  alkaloids ;  (2)  albumosas  or  tox- 
albumins ;  and  (3)  enzymes.  Alkaloids  and  albumoses  are  directly 
poisonous ;  enzymes  or  ferments  are  harmless  except  in  the  presence 
of  proteids,  which  they  are  capable  of  transforming  into  jwisonouR 
albumoses. 

Ptomaines  and  Tox- Albumins. 

The  study  of  these  products  may  be  said  to  date  back  to  1822, 
when  (Jaspard  and  Stick  found  an  intensely  poisonous  principle 
in  cadaverous  extracts.  In  1856  Panum  discovered  a  poisonous 
substance  in  putrid  flesh;  and  in  1863  Bergmann  and  Smiedeberg 
found  a  nitrogenous  crystallisable  substance  in  putrid  beer  which 
they  named  sepain.  In  1872  Gautier  found  that  the  decomposition 
of  fibrine  led  to  the  formation  of  vaiious  complex  alkaloidal  sub- 
stances, and  in  1875  Richardson  obtained  in  pysemia  an  alkaloid, 
sepUn,  This  subject,  however,  received  most  attention  from  the 
classical  researches  of  Selmi,  the  Italian  toxioologLst.  Selmi,  in  a 
celebrated  poisoning  case,  demonstrated  the  presence  of  an  alkaloid 
as  the  result  of  post-mortem  changes.  Similar  substances  were 
found  in  alcohol  in  which  morbid  specimens  had  been  preserved. 
Thus  the  researches  of  Gautier  and  Selmi  established  the  fact  that 
albuminoid  material  undergoing  decomposition  leads  to  the  forma- 
tion of  cadaveric  alkaloids.  These  animal  alkaloids  Selmi  named 
ptomaines,  Brieger,  finding  the  bases  derived  from  the  pixxlucts  of 
putrefaction  less  poisonous  than  those  obtained  from  the  pathogenic 
bacteria,  suggested  the  term  toxins  for  the  latter.  Ptomaines  have 
been  divided  into  two  classes — ^those  which  are  non- oxygenous,  liquid, 
and  volatile,  and  those  which  are  oxygenous,  solid,  and  crystallisable. 
They  are,  for  the  most  part,  precipitated  by  the  ordinary  reagents 
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for  alkuloiilH,  Kuch  mh  chloride  of  gold,  double  iodide  of  mercury 
and  potHHHiuin,  picric  acid,  an<i  tannin.  PhoHpho-molybdic  acid 
precijiitates  them  without  exception.  They  are  powerful  reducing 
agentH.  Ferro-cyanide  of  {xjitaasium  in  converted  into  ferri-cyaui<le  in 
their  prenence,  and  the  addition  of  ferric  chloride  gives  the  PruK«ian 
blue  tent.  Beluii  dincovered  this  tent,  and  Brouardel  and  Boutmy 
regarded  it  sm  abnolutely  characteristic  of  ptomaines;  but  this  is 
not  the  case  ;  some  vegetable  alkaloids,  for  example,  behave  in  the 
same  way. 

As  examples  of  the  non-oxygenous  ptomaines  there  are  :  — 

Parvolin  (C*H^*N)  an  oily  base  of  an  amber  colour  prepare<l 
from  putrid  mackerel  and  horse-flesh. 

l/l/flrocoUidin  (C^H^*N),  from  the  same  source.  It  is  highly  toxic, 
\mug  (Mjmpai*ed  by  Gautier  to  the  venom  of  the  cobra  di  capello. 

CoUidin  (C^Il^N),  from  putrid  gelatine  and  the  pancreas  of  a 
bullock,  also  highly  toxic. 

Xauridin  (C*1I*^N^),  from  fish,  flesh,  and  decaying  cheese. 

Saprin  (C*in*N'),  isomeric  with  neuridin, 

Cadatwin  (C*IP^N'),  a  third  isomeride,  from  ordinary  putrefae- 
tion  and  herring  brine. 

PiUrescin  (C*H**N^)  from  putrefaction. 

The  oxygenous  ptomaines  are  in  some  instances  found  also  in 
healthy  tissues.     They  include  the  following : — 

Xeuriii  (C*H^*NO),  found  in  cadaveric  putrefaction. 

Cholln  (CMl«NO«),  in  bile. 

Mtutcariii  (C^IP^'NO^),  in  a  poisonous  mushroom,  Agaricus  nivs- 
canua,  and  in  putrid  fish.     These  are  all  highly  poisonous. 

Gadinin  (C^IP^NO^),  in  putrefying  codfish. 

Mytilotoxin  (C*IP*NO*),  in  poisonous  mussels. 

Poisonous  alkaloids  are  of  great  importance  in  connection  with 
those  cases  of  meat  poisoning  produce<l  by  sausages,  hams,  poultry, 
and  cheese.    Tyrotoxicon  is  a  iK)isonous  alkaloid  obtained  from  cheese. 

The  toxic  sulwtances  of  most  interest  to  the  bacteriologist  are 
those  isolated  from  pure  cultivations  of  pathogenic  bacteria,  such  as 
iypJiotoxin^  isolated  by  Brieger  from  cultivations  of  tlie  bacillus  of 
typhoid  fever,  and  ietaniii,  from  cultivations  of  the  tetanus  bacillus  ', 
and  the  poisons  known  as  albumoses  or  tox-albumins,  which  are 
allied  to  the  albumose  of  snake  poison. 

Pasteur,  in  1885,  suggested  that  in  anti-rabic  inoculations  the 
imuiunity  resulted  fi*om  the  action  of  a  substance  seci*eted  by  a 
microbe,  though  the  microbe  has  not  as  yet  been  discovere<l  iu 
rabies.     Salinon  produced  immunity  from  hog  cholera  by  the  injec- 


CHEMICAL  PRODUCTS  OF  BACTERU.  41 

tiou  of  the  toxic  prociucts  in  filtered  culture  fluids.  Wooldridge, 
Hankin,  and  Martin  studied  the  products  of  Bacillus  anthracis. 
Charrin,  and  later  Woodhead,  Wood,  and  Blagovestchensky,  investi- 
gated on  these  lines  Bacillus  pyocyaneus.  Roux  and  Oliamberland 
experimented  with  the  bacillus  of  malignant  oedema;  Roux  with 
hymptomatic  anthrax;  Chantemesse  and  Widal  with  the  typhoid 
bacillus.  Roux,  Yersin,  Brieger,  Frankel,  Martin,  and  Behring 
worked  on  the  same  lines  with  diphtheria.  Koch  introduced 
tubei*culin,  Kalnuig  mallein,  while  others  have  utilised  the  products 
of  streptococci  and  pneumococci.  Anrep  found  an  albumose  in  the 
medulla  of  rabid  animals,  and  Bab^s  claims  to  have  found  an 
albumose  in  both  rabies  and  glanders. 

Cholera. — Brieger  found  several  ptomaines,  including  putrescin 
and  cadaverin,  in  pure  cultures  of  the  spirillum  of  Asiatic  cholera, 
and  Petri  found  in  addition  to  poisonous  bases  a  proteid  body  which 
produces  in  guinea-pigs  muscular  tremors,  paralysis,  and  a  rapidly 
fatal  result.  Roux  and  Yersin  obtained  from  cultures  a  tox-albumin 
insoluble  in  water,  which  kills  guinea-pigs  in  two  or  three  days, 
but  has  no  effect  on  rabbits.  Pfeiffer  also  investigated  the  toxic 
substances  in  cultures.  Chloroform,  thymol,  and  drying  destroyed 
comma -bacilli,  leavuig  their  toxic  products  unaffected.  Concentrated 
solutions  of  neutral  salts  and  boiling  produced  secondary  toxic 
substances,  but  the  original  toxic  substances  were  ten  or  twenty 
times  more  virulent. 

Typhoid  Fever.— Typhotoxin  (C^H^NO^),  the  alkaloid  ob- 
tained by  Brieger  from  cultures  of  the  typhoid  fever  bacillus,  pro<luces 
in  mice  and  guinea-pigs  salivation,  rapid  breathing,  dilatation  of  the 
pupil,  diarrhoea,  and  death  in  twenty-four  to  forty-eight  hours.  At 
the  post-mortem  examination  the  heart  is  found  in  a  state  of  systolic 
contraction,  and  the  condition  of  the  heart  after  death  and  the 
absence  of  convulsions  during  life  serve  to  distinguish  typhotoxin 
from  an  isomeric  base  obtained  by  Brieger  from  putrid  hoi*se- flesh. 
Roux  and  Yersin  have  obtained  a  tox-albumin.  It  is  soluble  with 
difficulty  in  water,  and  more  toxic  to  rabbits  than  guinea-pigs. 

Tetanus. — Brieger  obtained  the  alkaloid  tetanin  from  impure 
cultures  of  the  tetanus  bacillus.  It  is  a  base  having  the  formula 
Qiij£Wj^2Q4  '£i^Q  hydrochloride  is  a  very  deliquescent  salt,  and 
soluble  in  alcohol.  Tetanin  injected  into  guineji-pigs  produce>i 
rapid  breathing,  followed  by  tetanic  convulsions.  Another  toxic 
product,  tetanotoxin  (C^H^^N),  produces  the  same  effects  as  tetanin. 
The  formula  of  a  third  base,  spasmotoxin,  has  not  been  determined. 
Ca<laverin  and  putrescin  are  also  present  in  cultures.     Kitasato  and 
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Weyl  analysed  the  products  of  pure- cultures,  and  obtained  the  same 
substances,  tetanin  and  tetanotoxin ;  and  subsequently  Brieger  and 
Frankel  found  that  in  pure-cultures  a  tox- albumin  could  be 
obtained  which  is  soluble  in  water,  and  infinitely  more  active  than 
the  toxic  ptomaines. 

Anthrax. — In  1887  Wooldridge  succeeded  in  protecting  rabbits 
from  anthrax  by  a  new  method.  A  proteid  body  obtained  from  the 
testis  and  from  the  thymus  gland  was  used  as  the  culture  fluid. 
This  proteid  substance  was  dissolved  in  dilute  alkali,  and  the  solution 
sterilised  by  repeated  boiling.  This  was  inoculated  with  the  anthrax 
bacillus,  and  kept  at  37*^  C.  for  two  or  three  days.  A  small  quantity 
of  the  filtered  culture  fluid  injected  into  the  circulation  in  rabbits 
produced  immunity  from  anthrax.  Subcutaneous  inoculation  of 
extremely  virulent  anthrax  blood,  made  simultaneously  with  the  injec- 
tion of  the  protecting  fluid,  produced  no  effect.  Wooldridge  showed 
that  the  growth  of  the  anthrax  bacillus  in  special  culture  fluids 
gave  rise  to  a  substance  which,  when  injected  into  the  organiinn, 
protected  not  only  against  an  immediate  but  also  subsequent  attacks. 

In  1889  Hankin  worked  under  the  guidance  of  Koch  in  the 
Hygienic  Institute  of  Berlin.  The  acquired  tolerance  of  the  effect 
of  ordinary  albumoees,  and  the  experiments  of  Sewall,  who  pro- 
duced immunity  against  lethal  doses  of  the  albumose  of  snake 
poison  by  the  injection  of  minute  doses,  led  Hankin  to  expect  that 
an  albumose  developed  in  anthrax  cultures,  and  that  the  anthrax 
albumose  would  probably  confer  immunity  from  the  disease.  Hankin 
succeeded  in  isolating  it  from  culture  fluids.  It  was  precipitated  by 
excess  of  absolute  alcohol,  well  washed  in  alcohol  to  free  it  from 
addition  of  ptomaines,  filtered,  dried,  then  redissolved  and  filtered 
through  a  Chamberland  filter.  With  this  substance  Hankin  suc- 
ceeded in  producing  immunity  in  mice  and  rabbits. 

Sidney  Martin,  working  quite  independently,  grew  antliivix  bacilli 
in  a  solution  of  pure  alkali  albumin  made  from  serum  proteids.  After 
ten  or  fifteen  days  the  organisms  were  removed  by  filtration  through 
a  Chamberland  filter.  The  filtrate  contained  jyToto-alhurtiose  and 
fleiUero-albumose,  a  trace  of  peptone,  an  alkaloid,  and  small  quantities 
of  leticin  and  tyrosin.  The  mixture  of  albnmoses  proved  {X)isonous 
to  mice.  The  anthrax  alkaloid  produced  symptoms  and  lesions 
similar  to  the  albumoses,  but  much  more  rapidly  and  severely.  It 
is  an  amorphous  yellow  body,  soluble  in  alcohol  and  alkaline  in 
reaction.  Martin  concluded  that  the  anthrax  bacillus  formed  the 
albumoses  and  the  alkaloid  by  digesting  the  alkali  albumin ;  and 
.suggested  that  the  alkalinity  of  the  albumoses  explained  their  toxic 
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properties,  the  alkaloid  probably  being  in  a  nascent  condition  in  the 
albumo^  molecule. 

Tuberculosis. — Koch  prepared  a  glycerine  extract  of  the 
product  of  the  tubei*cle  bacillus  in  pure  cultivations,  and  found 
that  the  injection  of  small  doses  produced  a  remarkable  i*euction, 
both  local  and  general,  in  tubercular  cases,  and  especially  lupus. 
This  extract,  called  tuherculin,  came  to  be  extensively  use<l  as  a 
therapeutic  agent,  but  with  disappointing  results.  Very  shortly 
after  the  first  announcement  of  Koch's  discovery,  the  author,  in 
conjunction  with  Herroun,  investigated  the  chemical  properties  and 
physiological  effects  of  the  products  of  the  tubercle  bacillus. 
Cultures  in  glycerine-broth  were  filtered  through  porcelain,  and 
a  clear  amber-coloured  liquid  was  obtained,  which  gave  important 
and  suggestive  chemical  reactions.  As  this  filtrate  contained  the 
products^  of  the  growth  of  the  bacillus  most  probably  in  minute 
quantities,  it  was  evaporated  at  a  low  temperature  over  sulphuric 
acid.  The  viscous  residue  was  dissolved  in  distilled  water  and 
tested  on  the  healthy  guinea-pig.  The  result  was  a  marked  fall  of 
temperature,  staring  coat,  extreme  in^egularity  of  the  heart's  action, 
muscular  spasms,  loss  of  control  over  the  extremities,  and  death. 

A  preliminary  examination  of  glycerine- broth  cultivations  having 
shown  the  presence  of  non-coagulable  proteid  bodies  of  the  natui*e 
of  albumose  and  peptone,  and  a  crystallisable  precipitate  of  a 
remarkable  character  resulting  on  the  addition  of  iodine,  the  idea 
naturally  suggested  itself  that  the  tubercle  bacillus  might  form 
albumoses  and  an  alkaloid  or  ptomaine  similar  to  the  substances 
isolated  by  Martin  from  pure  cultivations  of  the  Bacillus  anthracis. 

Koch  pointed  out  that  the  effective  substance  in  his  extract 
could  be  precipitated  by  absolute  alcohol ;  the  author  and  Herroun 
determined  to  investigate  the  properties  and  physiological  effects 
of  the  separated  products.  They  accordingly  set  to  work  to  ist)late 
the  ptomaine,  of  the  existence  of  which  they  had  some  qualitative 
indication,  and  at  the  same  time  to  examine  the  properties  of  the 
albuminous  bodies. 

In  this  endeavour  the  general  method  they  found  satisfactory  was 
as  follows.  The  clear  filtrate  from  the  culture  was  evaporatetl  at 
40*^  0.  to  a  very  small  bulk,  and  the  residue  thus  obtained  was 
mixed  with  an  excess  of  absolute  alcohol,  which  precipitated  the 
albumoses  and  peptone.  It  was  found  that  by  adding  the  alcohol 
by  degrees  a  partial  separation  of  the  albumose  from  the  peptone 
could  be  effected,  the  latter  being  only  precipitated  when  the  alcohol 
was  nearly  absolute.     The  precipitated  albumose  was  collected  on 
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a  filter  and  rediHsolved  in  distilled  water.  In  another  experiment 
the  albumose  underwent  a  second  precipitation,  and  after  washing 
was  again  dissolved. 

The  alcoholic  filtrate  from  the  precipitated  albuminous  bodies  was 
then  concentrated  at  a  very  gentle  heat  until  a  viscous  residue  was 
left  containing  the  glycerine  originally  present  in  the  cultivating 
medium  and  the  extractives  and  products  of  the  bacillus  soluble 
in  alcohol.  With  this  residue  definite  reactions  of  an  alkaloidal 
substance  or  ptomaine  were  obtained. 

Careful  experiments,  however,  led  to  the  belief  that  the  whole 
of  the  ptomaine  was  not  separated  from  the  albuminous  precipitate 
by  simple  addition  of  alcohol,  and  the  above  method  was  therefore 
slightly  modified. 

The  ptomaine  is  soluble  in  water  and  alcohol,  and  sparingly 
soluble  in  amyl-alcohol,  but  insoluble  in  benzine,  ether,  of  chloro- 
form, which  liquids  therefore  fail  to  extract  it  from  aqueous 
solutions.  In  its  aqueous  solutions  it  is  distinctly  but  not  strongly 
alkaline  to  test-paper.  Phospho-tungstic  acid  gives  with  it  a  white 
fiocculent  pi'ecipitate.  Phospho-molylxiic  acid  gives  a  pale  yellow 
precipitate,  soluble  in  ammonia  to  a  blue  solution  which  becomes 
colourless  on  boiling.  In  this  respect  it  resembles  the  vegetable  alka- 
loids, aconitin  and  atropin.  It  must  be  remembered,  however,  that 
albuminous  lx)dies  are  precipitate<l  by  both  this  and  the  preceding 
I'eagents,  and  in  the  case  of  the  former  a  reduction  of  the  phospho- 
molybdate  giving  the  blue  solution  with  ammonia  is  obtained. 

The  reducing  power  of  the  ptomaine  is  shown  by  the  conversion 
after  a  short  time  of  ferri-cyanide  of  potiissium  to  ferro-cyanide, 
giving  the  Prussian  blue  test  with  ferric  chloride,  to  which  much 
undue  importance  was  attached  by  Brouardel  and  Bontmy.  The 
solution  of  albumose  and  solution  of  peptone  ai*e  both  capable  of 
giving  this  reaction  as  well  as  many  vegetable  alkaloids,  A  solution 
of  the  ptomaine  is  not  precipitated  by  ferro- cyanide  of  potassium  or 
jM)t  issic  bichromate. 

In  strong  solutions  it  yields  precipitates  with  platinic  chloride 
(yellow),  gold  chloride  (pale  yellow),  and  mercuric  chloride  (white). 
That  yielded  by  the  first  of  these  reagents  is  granular  in  character, 
and  quite  insoluble  in  alcohol,  though  apparently  soluble  in  water. 
The  pi*ecipitation  by  gold  chlonde  excludes  amides  and  ammonium 
salts. 

With  iodine  in  hydriodic  acid  or  potassic  iodide  a  precipitate  Is 
obtained  which  is  occasionally  crystalline,  more  often  granidar  or 
amorphous. 
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This  precipitate  is  soluble  in  alcohol,  and  is  redeposited  wlien  the 
alcohol  is  evaporated.  On  heating  it  is  redissolved  into  oily  drops  of 
a  dark  colour.  With  picric  acid  a  granular  precipitate  is  obtained, 
which  under  the  micrascope  is  seen  to  consist  of  minute  crystals. 
This  precipitate,  on  standing,  is  converted  into  rounded  crystalline 
masses  with  numerous  small  crystals  admixed. 

The  ptomaine  appears  to  be  easily  broken  up  by  heating, 
especially  in  the  presence  of  mineral  acids  or  of  baryta.  The  actual 
quantity  obtained  from  a  considerable  amount  of  culture  fluid  was 
very  small,  and  as  it  was  possible  that  when  the  bacilli  were  grown 
in  a  medium  richer  in  albumin,  such  as  the  animal  body,  more  of 
these  products  might  be  formed,  the  liquid  obtained  by  extracting 
large  masses  of  tubercular  growths  from  cattle  was  examine<l  in  a 
similar  manner.  In  this  extract,  after  filtration  through  porce- 
lain, an  albumose,  and  minute  quantities  of  a  ptomaine  were 
obtained  which  in  reactions  was  identical  ^iHth  that  obtained  from 
the  artificial  cultivation  of  the  bacillus,  but  present  in  even  smaller 
amount.  The  probable  explanation  of  this  Ls,  that  in  the  living 
animal  the  ptomaine  is  constantly  being  removed  ;  or  it  may  indicate 
that  it  is  only  formed  in  minute  quantity  under  those  conditions. 

Having  succeeded  in  obtaining  the  albumose  and  the  ptomaine 
in  separate  solutions,  we  next  proceeded  to  ascert^iin  the  effects  of 
these  substances  upon  healthy  and  tubercular  guinea-pigs. 

The  effect  of  the  ptomaine  isolated  from*  different  series  of 
cultures  was  as  follows.  A  rise  of  temperature  occurred  in  tuber- 
cular animals,  and  distinct  enlargement  of  tubercular  glands.  There 
was  a  slight  indication  of  a  depression  of  temperature  or  hypothermic 
effect  on  healthy  animals.  The  albumose,  whether  obtained  from 
pure  cultivations  of  the  bacillus  or  from  tubercular  tissue,  pro- 
duced a  marked  rise  of  temperature  in  tubercular  guinea-pigs.  On 
the  other  hand,  in  a  control  experiment  on  a  healthy  guinea-pig 
there  was  an  equally  well-marked  fall  of  temperature.  The  effect 
upon  the  tubercular  glands  in  the  cases  associated  with  marked  risa 
of  temperature  was  to  render  them  well-defined,  indurated,  and 
painful,  rather  than  any  considerable  inci-eavse  in  volume. 

Hunter  made  a  chemical  examination  of  Koch's  crude  extract, 
and  confirmed  the  presence  of  albumoses  and  alkaloidal  substances. 
The  albumoses  consisted  chiefly  of  proto-albumose  and  deutero- albu- 
mose with  hetero- albumose,  and  occasionally  a  trace  of  dys-albumose. 
Two  alkaloidal  substances  were  obtained  in  the  form  of  platinum 
compounds  of  their  hydrochlorate  salts.  In  addition  there  were 
extractives,  mucin,  inorganic  salts,  glycerine,  and  colouring-matter. 
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Swine  Fever.  -Hchweinitz  applied  BiiegerV  metliodK  in  the 
investigation  of  the  piHxlnctK  of  the  Kwine  fever,  or  hog  cholera 
bacillus.  Broth- cultures  were  neutraliseci  with  dilute  hydrochloiic 
acid,  anil  evaponited  in  the  water  bath.  The  residue  waa  treated 
with  !)<>  }>er  cent,  alcohol,  an<l  the  filtered  solution  with  mercuric 
chloride.  A  heavy  ciystalline  pi*ecipitate  was  separated  by  filtra- 
tion, treated  with  water,  and  de(X)m|>0Hed  with  sulphui*etted  hydi'ogen, 
and  cadaverin  and  methylamine  were  isolated.  The  filtrate  fi'oui 
the  mercuric  chloiide  precipitate  was  freeil  from  excess  of  mercury 
by  sidphuretted  hydrogen,  and  the  mercury  sulphide  filtered  off. 
The  residue,  after  concentration  of  the  filtrate,  was  extracted  with 
al)solute  alc4>h()l,  and  the  solution  showe<l  the  presence  of  an  alka- 
loidjil  8»ilt.  The  double  salt  obtaine<l  with  platinum  chloride  was 
submitted,  after  ciystallisation,  to  an  analysis,  and  the  results  gave 
the  forunda  (C^^ils^N^PtCl^).  The  hych'o-chloride  is  soluble  in  abno- 
lute  alcohol  as  well  as  in  water,  and  produces  needle-like  crystals. 

On  ti'eating  the  culture  Huids  with  excess  of  absolute  alcohol  a 
white  fiocculent  precipitate  was  obtained  jwirtly  soluble  in  water,  and 
re-precipitate<l  by  alcohol.  It  was  obtained  in  the  fonn  of  white 
crystalline  plates.  A  watery  solution  gives  almost  insoluble  needle- 
crystals  on  the  adtlition  of  platinum  chloride.  These  prcMlucts  wei'e 
respectively  termed  sucholo-toxin  and  sucbolo-albumin.  Small  donea 
of  tlu^e  sul)Htances  produce  in  guinea-pigs  a  slight  rise  in  tempera - 
tin*e,  and  ulc;»ration  at  the  seat  of  injection.  Large  doses  produce 
a  fatal  result  in  six  ti)  twentv-four  hours.     Schweinitz  asserts  that 
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he  lias  prtnluced  imnnuiity  in  guinea-pigs.  An  attempt  to  produce 
immunity  in  swine  by  injection  of  the  albumos(>  gave  unsiitisfactory 
I'esults. 

Diphtheria." -Roux  and  Yershi  finding  that  filtered  cultures  of 
tbe  (Uphtheria  bacillas  pr(Kluce<l  paralysis,  affecting  chiefly  the  hind 
legs,  an<l  a  fatal  result  in  rabbits  ami  guinea-pigs,  proceeded  to 
investigate  the  chemic^il  prcnlucts,  Tliey  succeeded  in  obtaining  a 
white  amor[)hous  sul)stance  which  was  extremely  active  when 
injecte<l  into  guinea-pigs.  It  was  precijntatiHl  by  alcohol  fixim  an 
a([ueous  solution,  and  it  was  calculated  that  *0004  gram  would 
desti*oy  eight  guinea-pigs  of  400  gi'ams,  or  two  rabbits  of  3  kilos, 
each.  Tiiey  concluded  that  the  jM^son  was  an  enzyme  or  ferment, 
as  it  not  only  acted  in  extremely  small  doses,  but  it  was  attenuated 
by  heat  and  destroyed  by  boiling. 

13rieger  and  Frankel  confirmed  these  exi)eriments,  and  aisserted 
that  the  poison  was  a  tox-albumin ;  but  acc^mling  to  Martin  theii* 
(•hemical  analysis  and  reactions  were  vitiated  by  the  fact  that  they 
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had  peptone  in  theii*  cultivating  medium.  Martin  examined  the 
pi-oducts  hy  using  as  a  culture  medium  a  1  to  2  per  cent,  solution 
of  alkaU-alhumin  in  hroth  made  from  heef,  omitting  the  peptone. 
After  about  thirty  days  the  bacillus  had  converted  the  alkali-albumin 
into  albumoses,  which  gave  the  I'eactions  of  proto-  and  deutero- 
albumo8e,  with  small  quantities  of  an  organic  acid.  A  single  dose 
of  these  albumoses  produced  weakness  of  the  hind  hmbs,  which  after 
a  time  passed  off.  Tlie  animal  was  killed,  and  the  nerves  which 
were  examined  showed  degeneration.  Repeated  intravenous  in- 
jection on  successive  dny^y  amounting  in  all  to  a  dose  of  1*69  grams 
per  kilo,  of  body  weight,  produced  high  fever,  followed  by  depras- 
sion  of  temperature,  severe  watery  diarrhoea,  and  emaciation.  The 
tendcm  reflexes  began  to  diminish  after  the  ninth  day,  on  the 
eleventh  or  twelfth  day  there  was  definite  paralysis  of  the  hind  legs, 
and  on  the  seventeenth  day  reflexes  could  scai-cely  be  obtained. 

Martin  thus  gives  his  method  of  abstracting  the  poisonous  pro- 
ducts either  from  cultui*es  or  from  diphtheritic  tissues.  In  deaUng 
with  tissues,  the  spleen  and  other  organs  are  first  finely  minced  and 
placed  in  rectified  spirit,  and  the  blootl  is  also  placed  in  spirit,  and 
allowed  to  stand  till  the  proteids  are  coagulated ;  they  are  then 
filtered,  and  the  residue  extracted  with  cold  water,  all  the  extracts 
are  mixed  together,  and  evaporated  at  35°  C.  to  a  small  bulk,  and 
thrown  into  absolute  alcohol.  Most  of  the  albumoses  are  precipi- 
tated, the  alcohol  is  poured  off,  evaporatetl  to  dryness  at  a  low 
temperature,  and  extracted  by  absolute  alcohol  until  nothing  more 
dissolves.  The  residue  is  deutero-albumose  and  mineral  salts.  All 
the  proteid  is  mixed  together,  dissolved  in  water,  and  precipitated  by 
alcohol,  the  process  being  repeated  to  remove  any  traces  of  bodies 
soluble  in  alcohol  and  the  excess  of  mineral  sjilts.  At  the  last 
pi*ecipitation  the  precipitate  is  allowed  to  stand  under  alcohol  for 
about  two  months.  The  alcohol  is  then  poured  off,  and  the  pre- 
cipitate dried  in  vacuo. 

The  resulting  product  is  a  light  yellowish- brown  powder  soluble 
in  water,  cold  or  boiling,  giving  a  yellowish  and  faintly  acid  or 
nearly  neutral  reaction.  It  is  composed  of  deutei'o-albumose  with 
a  slight  amount  of  proto-albumose  but  no  peptone.  It  gives  the 
ordinary  actions  of  proteids  and  a  well-marked  biuret  reaction.  It 
is  precipitated  from  solution  by  ammonium  sulphate,  arid  slightly 
by  nitric  acid.  The  reactions  are  similar  to  those  of  peptic  deutero- 
albumose.  The  alcoholic  extract  of  the  tissues  is  strongly  acid,  and 
contains  free  fatty  acid  and  an  organic  acid  insoluble  in  chloroform. 
The  organic  acid  is  readily  soluble  in  water  and  absolute  alcohol. 
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and  iiiHoluble  in  ether,  chloroform,  and  ben/ine.  It  is  a  yellowish 
amorphous  body,  becoming  a  deep  brown  when  made  alkaline. 

Martin  concludeK  that  whereas  the  Bacillus  authracis  produces 
albumoses  and  an  organic  base,  in  diphthetia  we  find  albumoses  and 
an  organic  acid. 

Glanders. — Kalming  has  obtained  from  cultures  of  the  glanders 
bacillus  an  extract  similar  to  tuberculin.  This  crude  extract  is 
known  as  mallein,  and  is  extensively  used  for  the  diagnosis  of 
glanders.  In  a  glandered  horse  it  causes  a  rise  of  temperature 
and  swelling  at  the  seat  of  the  injection,  and  the  glandered  nodides 
become  swollen  and  painful.  Finger  claims  to  have  produced 
immunity  from  glanders  by  inoculation  of  the  pi*oducts  contained 
in  sterilised  cultures.  Schweinitz  extracted  fi'om  cultui'es  ii  non- 
poisonous  albumose,  and  obtained  only  traces  of  a  ptomaine. 

Suppuration  and  Pneumonia. — Brieger  obtained  a  pt(»maiue 
from  cultures  of  Staphylococcus  pyogenes  aureus,  and  Roux  and 
Yersin  a  tox-albumin  fatal  to  rabbits  and  guinea-pigs  in  a  few 
days.  There  was  pus-formation  at  the  seat  of  inoculation,  witli 
redness  and  swelling  of  the  surrounding  parts. 

From  pure-cultures  of  the  micrococcus  of  pneumonia  Klem|)erer 
obtained  a  tox-albumin,  for  which  the  name  pneumo-toxin  has  been 
suggested. 

Enzymes  or  Ferments. 

Many  bacteria  licjuefy  the  nutrient  gelatine  in  which  they  ai-e 
cultivated.  This  is  due  to  the  development  of  a  ferment  or  enzyme, 
which  dissolves  the  albumin  and  gelatine. 

Enzymes  are  products  of  the  vital  activity  of  living  })acteria. 
Bitter,  and  independently  Sternberg,  showed  that  when  a  li(piefying 
bacterium  is  removed  by  filtration  or  destroyed  by  heat,  the  culture 
fluid  retains  the  power  of  liquefying  gelatine.  As  this  occurs 
usually  when  the  reaction  is  alkaline,  bacterial  enzymes  resemble 
trypsin  and  papain  rather  than  pepsin.  They  can  l)e  extracted  ^-ith 
glycerine,  and  are  quite  harmless.  If  injected  into  animals  no  eflPect 
is  produced,  and  after  a  few  hours  no  tracre  of  them  can  be  found. 
According  to  Fermi,  the  influence  of  temperature  on  the  enzymes 
producetl  by  different  bacteria  will  be  found  to  vary  very  consider- 
ably. The  enzyme  of  Staphylococcus  pyogenes  aureus  is  destroyed 
at  55°  C,  while  the  enzyme  of  Bacillus  anthrads  succumbs  at  a 
temperature  of  65°  C.  to  70°  C. 

Some  bacteria  produce  both  enzymes  and  toxins,  but  many  pro- 
duce enzymes  and  not  toxins,  and  others  toxins  but  not  enzymes. 


CHAPTER    V. 

IMMUNITY. 

The  conditiou  of  being  insusceptible  to  an  infective  disease  may  be 
either  natural  or  acquired.  In  studying  the  pathogenic  organisms 
several  examples  of  natural  immunity  will  be  encountered.  The 
bacillus  of  septicaemia,  so  fatal  to  house  mice,  has  been  shown  to 
have  no  effect  upon  field  mice.  The  bacillus  of  anthrax  is  innocuous 
to  cats  and  white  rats.  The  bacterium  of  rabbit  septicaemia  is 
equally  inert  in  dogs,  rats,  and  guinea-pigs.  The  immunity  may 
be  as  in  these  cases  complete,  or  only  partial.  Ordinary  sheep  are 
very  easily  affected  with  anthrax,  but  Algerian  sheep  succumb  only 
to  large  doses  of  the  virus.  Natural  immunity  may  not  only  be 
characteristic  of  certain  species,  but  it  may  occiu*  in  certain  indi- 
viduals of  a  susceptible  species.  The  same  immunity  occurs  in  man, 
for  certain  individuals,  though  equally  exposed  during  an  epidemic 
of  small-pox,  may  escape,  whereas  others  readily  fall  victims  to  the 
disease. 

Acquired  immunity  is  illustrated  by  the  protection  afforded  by 
one  attack  of  the  exanthemata  against  subsequent  attacks.  Thus 
one  attack  of  measles  or  small-pox,  as  a  rule,  affords  complete 
protection.  A  knowledge  of  the  immunity  resulting  in  the  latter 
case  led  to  the  introduction  of  inoculation  of  small- pox  as  a 
protection  against  natural  small-pox. 

Immunity  may  be  acquired  by  acclimatization,  for  the  inhabit- 
ants of  tropical  climates  are  less  susceptible  to  the  diseases  of  the 
country,  malarial  fevers,  for  instance,  than  strangers. 

In  civilised  communities  also,  there  appears  to  be  a  degree  of 
acquired  immunity,  for  infectious  diseases  like  measles  introduced 
among  savages  or  isolated  communities  have  assumed  the  most 
malignant  type. 

The  immunity  acquired  by  protective  inoculation  constitutes,  in 
connection  with  the  study  of  pathogenic  micro-organisms,  a  subject 
of  pre-eminent  interest  and  importance.     Pasteur,  in  his  researches 
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upon  fowl-cholera,  observed  that  after  non- fatal  cases  the  disease 
either  did  not  recur,  or  the  severity  of  a  subsequent  attack  was  in 
inverse  proportion  to  the  severity  of  the  first  attack.  It  occurred 
to  him  to  endeavour  to  obtain  the  virus  of  this  disease  in  a  form 
which  would  provoke  a  mild  attack  of  the  disease,  and  thus  give 
protection  against  the  virulent  form.  This  attenuation  or  miti- 
gation of  the  virus  was  successfully  attained  by  allowing  cultiva- 
tions of  the  microbe  in  chicken-broth  to  remain  with  a  lapse 
of  several  months  l)etween  the  carrying  on  of  successive  cultiva- 
tions in  fresh  media.  The  new  generations  which  were  then 
obtained  were  found  to  have  diminished  in  virulence,  and  ultimately 
a  virus  was  obtained  which  produced  only  a  slight  disorder ;  on 
recovery  the  animal  was  found  to  be  proof  against  inoculation  with 
virulent  matter.  The  explanation  given  by  Pasteur  of  this  change 
was,  that  prolonged  contact  with  the  oxygen  of  the  air  was  the 
influence  which  diminished  the  virulence,  and  he  endeavoured  to 
prove  this  by  showing  that  when  broth  was  inoculated  in  tubes 
which  could  be  sealed  up,  so  that  only  a  small  quantity  of  air 
was  accessible  to  the  microbe,  the  virulence  of  the  cultures  was 
retained. 

Toussaint  investigated  the  possibility  of  attenuating  the  virus  of 
anthrax.  Sheep  injected  with  3  cc.  of  defibrinated  blood,  con- 
taining anthrax  bacilli,  which  had  been  ex[K)sed  to  55^0.  for  ten 
minutes,  recovered,  and  were  afterwards  insusceptible.  Pasteur 
subsequently  argued  that  this  method  did  not  admit  of  practical 
application,  bec*ause  difiiculties  would  arise  in  dealing  with  infective 
blood  in  quantity,  and  artificiul  cultivations  started  from  this  blood 
could  not  be  relied  ujwn,  as  they  proved  sometimes  as  virulent  as 
ever. 

Pasteur  endeavoured  to  apply  the  same  method  for  obtaining 
an  attenuated  virus  of  anthrax,  as  he  had  successfully  employed 
in  fowl-cholera.  A  difficulty  was  soon  encountered,  for  in  culti- 
vations of  this  bacillus,  with  free  access  of  air,  sixjre-formation 
readily  takes  place,  and  the  spores  are  well  known  to  have  an 
extraordinary  power  of  retaining  their  virulence.  Pasteur  found 
that  the  bacilli  ceased  to  develop  at  45^  C,  and  he  believed  that 
spore -formation  ceased  at  42°  to  43^  C,  the  bacilli  continuing  to 
develop  by  fission  only.  The  cultivations  were,  therefore,  kept  at 
this  temperature,  and  at  the  end  of  eight  days  the  bacilli  were 
found  to  have  lost  their  virulence,  and  were  quite  inert  when 
in(x;ulated  in  guinea-pigs,  sheep,  or  rabbits.  This  total  destruction 
was,   however,  preceded  by  a  gradual  mitigation,  so  that  a   \'ii'us 
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could  be  obtained,  by  taking  it  at  the  right  time,  which  gave  only  a 
mild  disease,  and  afforded  subsequent  protection. 

At  Melun,  in  1881,  the  protective  inoculation  against  anthi'ax 
was  put  to  a  practical  test.  Sheep  and  oxen  were  inoculated  with 
the  mitigated  virus,  and  then  with  a  virulent  form ;  at  the  same 
time  other  sheep  and  oxen  were  inoculated  with  the  virulent  form 
without  previous  vaccination,  as  a  control  experiment.  The  unpro- 
tected sheep  died  without  exception ;  the  unprotected  oxen  suffered 
from  oedematous  swellings  at  the  seat  of  inoculation,  and  a  rise  of 
temperature  ;  but  all  the  protected  animals  remained  healthy. 

As  a  i*esult  of  these  experiments  an  idea  arose  that  by  preventive 
inoculation  with  attenuated  virus  all  communicable  diseases  would 
in  time  be  eradicated ;  but  this  does  not  follow,  for  all  communi- 
cable diseases  do  not  confer  immunity  after  a  first  attack ;  in 
influenza  the  very  reverse  is  believed  to  occur,  and  erysipelas  of  the 
face  leads  to  an  increased  liabiUty  to  subsequent  attacks.  Even 
with  regard  to  the  prevention  of  anthrax,  Pasteur's  researches  were 
opposed  and  criticised.  Koch  investigated  the  subject,  and  came  to 
the  conclusion  that  the  process  did  not  admit  of  practical  applica- 
tion, chiefly  on  the  ground  that  as  immunity  lasted  only  a  year,  the 
losses  from  the  vaccination  process  would  be  as  great  or  even 
greater  than  from  the  spontaneous  disease ;  further,  tlieie  was 
danger  in  disseminating  a  vaccine  of  the  strength  required  to  be 
effectual. 

Chauveau  proved  that  the  attenuation  was  due  to  the  tempera- 
ture, and  not  to  the  prolonged  effect  of  oxygen.  By  keeping 
cultivations  at  42°  to  43°  C.  in  vacuo,  the  virulence  wiis  found 
to  disappear  in  twenty- four  hours,  and  by  keeping  cultivations 
at  a  low  temperature  w^ith  free  access  of  air,  the  virulence  was 
retained.  Chauveau  considered,  therefore,  not  only  that  oxygen  was 
not  the  agent,  but  that  the  mitigation  was  much  more  easily  effected 
in  its  absence.  In  spite  of  these  adverse  criticisms,  these  researches 
nevertheless  confirmed  the  principle  of  Pasteur's  conclusion,  that 
immunity  could  be  induced  by  experimental  measures,  and  furthei- 
showed  that  he  had  considerably  advanced  the  methods  by  which  this 
could  be  effected. 

Chauveau  succeeded  also  in  attenuating  the  virus  by  a  modifica- 
tion of  Toussaint's  method.  Sterilised  broth  was  inoculated  with 
the  bacilli,  and  placed  in  the  incubator  at  42°  to  43°  C.  After  the 
lapse  of  twenty  hours  it  was  removed  to  another  incubator  at  47°  C. 
According  to  the  time  of  exposure  to  this  increased  temperature,  the 
mitigation  varied  in  degree.     Thus  inoculation  with  the  virus,  before 
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it  was  exposed  to  47^0.,  was  fatal  to  guinea-pigs;  but  after  one 
hour  at  47^  C.  the  virulence  was  diminished,  and,  though  ultimately 
fatal,  life  was  prolonged ;  after  two  hours*  exposure  at  47°  C.  only 
half  the  animals  died ;  and  after  three  hours'  exposure  they 
recovered,  and  were  rendered  refractory  to  subsequent  inoculation. 

Attenuation  of  the  virus  of  anthrax  has  also  been  induced  by 
chemical  means.  Chamberland  and  Roux  stated  that  a  fresh  growth 
started  from  a  cultivation  of  bacilli  which  had  been  subjected  for 
twenty-nine  days  to  ^^  of  carbolic  acid  was  found  to  be  inert  in 
guinea-pigs  and  i*abbit8.  Bichromate  of  potash  added  to  a  cultiva- 
tion in  the  proportion  of  y^^Tnr  ^  Tinnr  S^^^i  after  three  days,  a 
new  growth,  which  killed  rabbits,  guinea-pigs,  and  half  the  sheep 
inoculated ;  after  ten  days,  rabbits  and  guinea-pigs,  but  not  sheep ; 
and  after  a  longer  time  even  guinea-pigs  were  unaffected. 

In  other  diseases  similar  results  have  been  obtained.  Arloing, 
Comevin,  and  Thomas  found  that  by  inoculating  a  small  quantity 
of  the  virus  of  symptomatic  anthrax  an3rwhere  in  the  subcutaneous 
connective  tissue,  or  a  moderate  quantity  at  the  root  of  the  tail, 
and  even  by  intravenous  injection,  immunity  was  obtained  from  a 
virulent  dose. 

In  Hwine-erysipelas,  Pasteur  and  Thuillier  obtained  attenuated 
virus  upon  quite  another  principle.  They  discovered  that  by 
passing  the  virus  through  pigeons  the  virulence  was  increased,  but 
by  passing  it  through  rabbits  it  was  progressively  diminished.  Thus 
a  virus  was  obtained  from  the  rabbit,  which  produced  only  a  mild 
disease  in  pigs,  and  after  recovery  complete  immunity.  Similarly 
in  rabies,  Pasteur  found  that  passage  of  the  virus  through  various 
animals  considerably  modified  its  properties.  By  inoculating  a 
monkey  from  a  rabid  dog,  and  then  passing  the  virus  through  other 
monkeys,  the  virulence  was  diminished  ;  but  by  inoculating  a  rabbit 
from  the  dog,  and  passing  the  virus  from  rabbit  to  rabbit,  the 
virulence  increased. 

In  i*abies,  Pasteur  has  employed  another  method  of  attenuating 
the  virus.  The  spinal  cord  of  inoculated  rabbits  is  removed  with 
all  possible  precautions,  and  portions  a  few  centimetres  in  length 
are  suspended  in  flasks  in  which  the  air  is  dried  by  fragments  of 
potash.  By  this  process  the  virulence  is  found  to  gradually  diminish 
and  finaUy  disappear.  Animals  inoculated  with  portions  of  these 
cords,  after  suspension  for  a  certain  time,  are  rendei-ed  refractory  to 
inoculation  with  virulent  cords.  Having  rendered  dogs,  which  had 
been  previously  bitteu,  free  from  the  supervention  of  symptoms  of 
hydrophobia  by  means  of  protective  inoculation,  Pasteur  proceeded 


IMMUNITY.  53 

to  apply  the  Hame  treatment  to  persons  bitten  by  rabid  animals,  with 
results  which  tend  to  the  belief  that  a  real  prophylactic  for  rabies 
has  been  discovered. 

Immunity  may  also  be  produced  by  injecting  the  toxic  products 
existing  in  pure  cultivations  after  removal  of  the  bacilli.  Salmon 
was  the  first  to  produce  immunity  in  this  way,  by  utilising  the  toxic 
products  of  the  bacterium  of  hog-cholera,  which  were  separated  by 
filtration  from  the  living  micro-organisms ;  and  shortly  afterwards 
Wooldridge  demonstrated  that  filtered  anthrax  cultures  contained 
a  substance  which  conferred  immunity.  Behring  and  Kitasato 
produced  immunity  by  mixing  cultures  with  terchloride  of  iodine. 
Vaillard  filtered  the  cultures  through  porcelain,  and  attenuated  the 
products  by  heating  at  different  temperatures. 

Lastly,  in  the  course  of  Behring's  and  Kitasato's  expeiiments,  it 
was  found  that  the  blood  serum  of  animals  rendered  immune  was 
capable  of  conferring  immunity  on  other  animak.  The  injection 
of  the  toxic  products  of  pathogenic  bacteiia  leads  to  the  development 
of  substances  in  the  blood  to  which  the  term  '*  antitoxin  "  has  been 
applied.  These  protective  substances  neutralise  or  destroy  the 
injected  poison,  and  blood  serum  which  has  thus  been  rendered 
antitoxic  can  be  utilised  to  confer  immunity  on  other  animals. 

Uaifldne's  system  of  vaccination  as  a  protection  against  Asiatic 
cholera  is  supposed  to  be  based  upon  the  principle  of  inducing  the 
formation  of  antitoxins  or  defensive  proteids. 

Mechanism  of  Immunity. 

Raulin  has  shown  that  Aspergillus  niger  develops  a  substance 
which  is  prejudicial  to  its  own  growth,  in  the  absence  of  iron  salts 
in  the  nutrient  soil,  and  Pasteur  suggested  that  in  rabies,  side  by 
side  with  a  living  microbe,  there  is  possibly  some  chemical  product 
or  anti-microbe  which  has,  as  in  Kaulin's  experiment,  the  power  of 
arresting  the  growth  of  the  microbe.  If  we  accept  the  theory  of 
arrest  by  some  chemical  product,  we  must  suppose  that  in  the 
acquired  immunity  afforded  by  one  attack  of  an  infectious  disease 
this  chemical  substance  is  secreted,  and,  remaining  in  the  S3rstem, 
opposes  the  onset  of  the  micro-organism  at  a  future  time.  In  the 
natural  immunity  of  certain  species  and  individuals  we  must  suppose 
that  this  chemical  substance  is  normally  present. 

Another    theory  is,  that    the   micro-organisms   assimilate    tl 
elements  which  they  require  for  their  nutrition  from  the  blood  a; 
tissues,  and  render  the  soil  impoverished  or  otherwise  unsuitable  i 
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the  development  of  the  same  species  of  micro-organisms  hereafter ; 
this  condition  may  be  permanent,  or  the  chemical  constitution  of 
the  tissues  may  be  restored  to  normal,  when  immunity  ceases.  If, 
however,  we  explain  acquired  immunity  by  the  result  of  the  growth 
of  a  previous  invasion  of  micro-organisms,  we  are  still  confronted 
with  the  difficulty  of  explaining  natural  immunity. 

A  third  theory  is  that  the  tissues  are  endowed  with  some 
power  of  vital  resistance  to  the  development  of  micro-organisms, 
similar  to  the  vital  resistance  to  coagulation  of  the  blood,  which  is 
supjwsed  to  exist  in  the  lining  membrane  of  the  healthy  blood- 
vessel ;  that  in  some  species  and  individuals  this  exists  to  a  high 
degree,  and  hence  their  natural  immunity.  But  this  does  not 
explain  how  one  attack  confers  immunity  from  a  subsequent  one. 
One  would  expect  that  the  vital  resistance  would  invariably  be 
lowereil  by  a  previous  attack,  and  increased  liability  be  the  constant 
result. 

A  fourth  theory  was  propounded  by  Metchnikoff,  who  maintains 
that  immunity  depends  upon  phagocytosis.  If  anthrax  bacilli  are 
inoculated  in  the  frog,  white  blood-cells,  or  phagoc3rtes,  are  observed 
to  incorporate  and  destroy  them  until  they  entirely  disap|)ear,  and 
the  animal  is  not  affected.  But  if  the  animal,  after  inoculation, 
is  kept  at  a  high  temperature,  the  bacilli  increase  so  rapidly  that 
they  gain  the  upper  hand  over  the  phagocytes,  and  the  animal 
succumbs. 

It  has  also  been  suggested  that  bacteria  may  attract  or  repel 
the  phagocytes,  exercising  either  a  positive  or  a  negative  c/iernio- 
taxis.  This  power  is  sup|X)sed  to  de{)end  upon  some  special  product 
of  the  bacteria  or  jxjssibly  upon  their  toxins,  as  suggested  by  Roux. 
We  must  suppose  that  the  negative  chemio- taxis  has  become  changed 
to  a  positive  chemio-taxis  in  an  immunised  animal,  so  that  the 
phagocytes,  instead  of  withdrawing  and  leaving  the  bacteria  to 
multiply,  are  readily  drawn  into  the  contest  and  destroy  the 
invaders. 

In  septicaemia  of  mice,  the  white  blood-cells  are  attacked  and 
disintegrated  by  the  bacilli  in  a  remat*kable  way.  It  is  difticult, 
however,  to  accept  these  observations  as  affording  a  complete  ex- 
planation of  immunity.  It  is  difficult  to  conceive  that  the  leucocytes 
in  the  blood  and  tissues  in  the  field  mouse  are  differently  constituteil 
from  those  in  the  house  mouse,  so  that  they  form  an  effiKitual 
barrier  to  the  onset  of  bacteria  in  the  one  case,  though  so  readily 
destroy e<l  in  the  other,  or  that  in  acquired  immunity  the  result  is 
due  to  educating  the  [)hagocytes  to  respond  to  a  positive  chemio-taxis. 
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Phagocytosis  cannot  explain  the  immunity  which  results  from 
the  injection  of  filtei-ed  cultures,  or  of  antitoxins,  but  when 
blood  serum  of  immunised  animals  was  shown  to  possess  antitoxic 
properties,  a  new  explanation  of  immunity  was  at  once  forthcoming. 
In  the  light  of  these  discoveries  immunity,  whether  natural  or 
acquired,  was  regarded  as  due  to  the  accumulation  in  the  blood 
and  tissues  of  substances  which  have  the  property  of  counteracting 
partially  or  entirely  the  products  by  which  pathogenic  bacteria 
produce  their  poisonous  effects.  These  antitoxins,  or  protecting 
proteida,  can  be  obtained  not  only  from  the  blood  but  also  from 
the  spleen  and  the  lymphatic  and  other  glands.  They  result 
fi*om  the  metabolism  of  the  cells  of  the  tissues  of  the  body. 
Phagoc3rte8  in  their  conflict  with  bacteria  may  play  a  small 
part,  but  it  is  more  than  probable  that  immunity  is  altogether 
independent  of  phagocytosis. 


CHAPTER  VI. 

t 

ANTITOXINS  AND  SERUM  THERAPY. 

It  ha8  been  clearly  shown  by  the  experiments  of  Fodor  and  Nuttall 
that  some  species  of  bacteria  are  killed  by  a  mixture  with  fresh 
blood.  Fodor  pointed  this  out  in  the  case  of  the  anthrax  bacillus, 
and  Nuttall  confirmed  the  experiments,  and  repeated  them  with 
a  niimber  of  different  species  of  bacteria. 

Behring  and  Nissen  followed  up  this  line  of  inquiry,  and  found 
that  there  was  a  great  difference  in  the  behaviour  of  freshly  drawn 
blood  to  different  bacteria.  In  some  cases  the  bacteria  were 
destroyed,  in  others  their  growth  was  only  retarded,  and  in  others 
again  they  were  not  affected  at  all.  Bouchard  pointed  out  that 
although  the  normal  blood  serum  of  a  rabbit  may  be  used  for  the 
cultivation  of  Bacillus  pyocyaneus,  the  blood  serum  of  a  rabbit,  which 
has  been  rendered  immune,  will  attenuate  or  entirely  nullify  the 
pathogenic  properties  of  the  bacillus. 

Ogata  and  Jasuhara  obtained  similar  results  by  cultivating 
anthrax  bacilli  in  the  bl(X)d  of  immune  animals.  Buchner  demon- 
strated that  this  property  of  fresh  blood  belonge<l  to  the  serum 
and  not  to  the  cellular  elements,  and  strongly  advocated  the  theory 
that  the  force  opposed  to  invading  bacteria  was  to  be  found  in  the 
serum  rather  than  in  phagoc^'tes. 

Bimilar  experiments  were  made  with  the  bacteria  of  swine-fever, 
and  Emmerich  and  Mastbaum  discovered  that  the  blood  serum  of 
immune  rabbits  could  be  used  as  a  therapeutic  agent  to  prevent 
the  progress  of  the  disease  in  animals  already  showing  symptoms 
of  infection. 

A  new  light  was  thrown  upon  this  question  by  the  experiments 
of  Behring,  Kitasato,  Tizzoni  and  Cattani,  and  others  in  connection 
with  tetanus  and  diphtheria.  In  these  diseases  the  liacteria  do  not 
invade  the  body,  but  the  poisonous  principles  elaborated  at  the 
seat  of  inoculation  are  absorbed  into  the  system  and  produce 
deleterious  effects.  It  was  obvious  that  attention  must  be  turned 
towards  counteracting  or  destroying  these  poisonous  products. 
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It  was  in  this  direction  that  the  experiments  of  Behring  and 
Kitasato,  in  1890,  proved  to  be  of  profound  importance.  It  was 
shown  that  the  blood  serum  of  a  rabbit  rendered  immune  against 
tetanus  or  diphtheria  had  no  destructive  or  retarding  effect  on  the 
growth  of  the  bacilli,  but  it  possessed  the  power  of  neutralising  the 
poison  developed  by  the  agency  of  the  bacilli.  In  short,  the  serum 
was  shown  to  possess  an  antitoxic  instead  of  a  bactericidal  power. 

Hankin  conceived  the  idea  that  this  property  is  due  to  substances 
of  the  nature  of  defensive  proteids,  and  the  blood  serum  of  the 
naturally  immune  rat  was  found  to  contain  a  proteid  body  with  well- 
marked  alkaline  reaction,  possessing  the  power  of  destroying  anthrax 
bacilli.  Injection  of  this  proteid  into  mice,  together  with  fully 
virulent  anthrax  spores,  prevented  the  development  of  the  disease. 
Young  rats  are  susceptible  to  anthrax,  and,  according  to  Hankin, 
they  can  be  protected  from  anthrax  by  injection  of  the  blood  serum 
of  the  parent.  Tizzoni  and  Cattani  expressed  the  opinion  that  the 
antitoxic  substance  in  the  blood  serum  of  animals  rendered  immune 

• 

against  tetanus  is  a  globulin  to  which  they  gave  the  name  tetanus 
antitoxin.  Buchner  proposed  the  term  alexins  {dX€(wy  1  defend), 
to  signify  these  substances.  Hankin  subdivided  them  into  sozins 
and  phylaanns,  Sozins  are  defensive  proteids  occurring  in  normal 
animals ;  phylaxins  are  only  found  in  animals  artificially  immune  ; 
and  each  of  these  are  sub-classed  by  Hankin  according  to  their  power 
of  attacking  the  bacteria  themselves  or  the  products  they  generate. 


Defensive  proteids 

(Hankin) 
Alexins  (Bnchner) 


rBozins : 

Defensive        proteids  ^ 
present  in  the  nor- 
mal animal. 


Phylaxins : 
Defensive 
present 


proteids 
in       the 


animal  after  it  has* 
artificially         been 
made  immune. 


''Myco-sozins  : 

Alkaline  globulins  from  rat 
(Hankin),  destroying  an- 
thrax bacillus. 

Toxo-sozins : 
Of  rabbit,  destroying  poison 
of     Vibrio    Metchnikovi 
(G^maleia). 

Myco-phylaxins : 
Of  rabbit,    destroying    pig 
typhoid     bacillus     (Em- 
merich). 

Toxo-phylaxins : 
Of  rabbit,  etc.,  destroying 
diphtheria  and  tetanus 
poisons  (Behring  and 
Kitasato,  anti-toxin  of 
Tizzoni  and  Cattani). 


Tizzoni  and  Cattani  immunised  dogs  and  other  animals  against 
tetanusy  and  employed  the  antitoxin  as  a  therapeutic  agent.     Its 
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active  Bubstanee  wan  precipitated  by'alcohol.  Behring,  Kitasato,  and 
Schiitz  experimented  with  a  view  to  conferring  immunity  upon 
horHe8.  The  cultui^es  were  mixed  with  terchloride  of  iodine,  and 
injected  at  intervals  of  eight  days,  and  the  antitoxic  power  tested 
on  mice.  By  UHing  increasingly  virulent  cultures,  the  blood  became 
increasingly  antitoxic. 

Vaillard  filtered  tetanus  cultures  through  porcelain,  and  heated 
the  filtrate  at  gradually  diminishing  temperatures.  The  first  in- 
jections were  made  with  10  cc.,  which  had  been  raised  to  60°  C.  for 
an  hour,  then  a  filtnite  was  used  which  had  been  heated  to  55°  C, 
and  lastly,  a  filtrate  which  had  been  heated  to  50°  C.  The  blood 
became  antitoxic,  and  by  injecting  increasing  quantities  of  virulent 
filtrates  the  antitoxic  power  was  rapidly  intensified,  and  animals 
which  were  injected  with  antitoxin  of  full  strength  possessed 
immunity  many  months  afterwards. 

Roux  and  Vaillard  introduced  another  method.  Virulent  cultures 
were  filtered  through  |x>rcelain,  and  the  filtrate  mixed  with  Gram's 
solution  of  iodine  in  iodide  of  {)otassium.  To  give  immunity  to  a 
rabbit,  3  cc.  of  toxin  with  1  cc.  of  Gram's  solution  were  injected  on 
the  first  day,  and  incre^ising  doses  of  toxin  mixed  with  increasing 
doses  of  Gram's  solution  on  the  following  days.  The  same  method 
was  applied  to  hoi*ses,  sheep,  and  c<ittle.  The  antitoxin  was  found 
not  only  in  the  blood,  but  in  the  uiine  and  saliva,  and  in  the 
milk  in  cows.  With  c^)W8  and  gouts  it  is  nec^essary  to  proceed 
with  the  utmost  c*ire;  wliile  horses,  on  the  other  hand,  bear  the 
injections  well,  and  are  therefore  more  suitable  for  this  purpose. 
It  is  also  very  easy  to  obtain  large  quantities  of  blcKnl  from  the 
horse  by  inserting  a  trociir  and  cannula  into  the  jugular  vein. 

Frankel  was  the  first  to  produce  immunity  against  diphtheria 
by  injecting  guinea-pigs  with  toxin  which  had  been  heated  to  70°  C. 
Behring  mixed  the  toxni  with  terchloride  of  icnline,  or  employed  small 
doses  of  pure  toxin.  Horses,  sheep,  goats,  and  dogs  were  rendered 
immune. 

Preparation  of  Diphtheria  Antitoxin. 

For  the  preparation  of  diphtheria  antitoxin  IR/mx  cultivates  the 
diphtheria  bacillus  in  alkaline  broth  with  2  i)er  cent,  of  peptone,  and 
by  preference,  in  flasks  in  which  the  cultivating  liquid  can  \ye  exposed 
to  a  current  of  moist  air  at  37°  C.  After  about  three  weeks  the 
culture  is  filtered  through  a  Chamberland  filter,  and  if  tested  on 
a  guinea-pig  it  will  be  found  that  y\y  of  a  cc.  will  kill  an  animal 
weighing  ^ve  hundred  grammes  in  forty-eight  houi*s.     The  diphtheria 
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toxin  immediately  before  the  injection  is  mixed  wdth  ^  of  its 
volume  of  Gram's  solution.  This  is  used  for  several  weeks,  and 
afterwards  only  pure  toxin  is  injected. 

The  horses  employed  for  this  purpose  are  animals  no  longer  fit 
for  work,  and  it  is  necessaiy  to  inject  them  first  of  all  with  vmllein 
to  be  sure  that  they  are  not  suffering  from  glanders. 

In  a  horse  inoculated  by  Roux,  the  injection  began  with  |  cc. 
of  iodised  toxin,  increased  to  1  cc.  by  the  thirteenth  day,  and  the 
injection  continued  daily.  On  the  seventeenth  day  \  cc.  of  pure 
toxin  was  injected,  and  this  was  increased  by  the  forty-first  day 
to  10  cc. ;  and  on  the  forty- third  day  30  cc.  of  pure  toxin  were 
injected,  causing  pronounced  oedema.  The  doses  were  still  further 
increased,  until  on  the  eightieth  day  250  cc.  were  injected.  In 
two  months  and  twenty  days  the  horae  had  received  800  cc.  of 
toxin. 

On  the  eighty-seventh  day  the  serum  obtained  had  an  immunising 
power  of  over  50,000.  By  this  is  meant  that  a  guinea-pig  resisted 
inoculation  of  |  cc.  of  virulent  diphtheria  culture  when  injected 
twelve  hours  beforehand  with  serum  in  quantity  equal  to  the  y^^xnr 
part  of  its  body  weight. 

There  are  two  tests  which  can  be  applied  to  the  serum.  First, 
the  antitoxic  serum  added  to  diphtheria  toxin  rendei's  it  inert ;  and, 
secondly,  if  serum  is  injected  into  a  guinea-pig  and  toxin  injected 
several  hours  afterwards,  no  result  follows. 

Several  ways  have  been  suggested  for  estimating  the  immunising 
power  of  the  serum. 

In  Ehrlich's  system,  the  unit  is  represented  by  '1  cc.  of  anti- 
toxic serum,  which,  added  to  *8  cc.  toxin,  will  neutralise  it  so  that 
the  whole  may  be  injected  subcutaneously  in  a  guinea-pig  without 
producing  oedema.  The  standard  toxin  is  a  toxin  of  which  *3  cc. 
is  fatal  to  1  kilo,  of  guinea-pig. 

But  the  preventive  power  of  the  serum  is  best  expressed  }:>y  the 
result  of  a  subsequent  injection  of  toxin.  The  immunising  power  is 
estimated  by  the  number  of  grammes  of  guinea-pig  which  can  be 
protected  against  the  minimum  fatal  dose  of  toxin  by  1  cc.  of  anti- 
toxic serum. 

The  antitoxic  serum  can  be  kept  in  sterilised  flasks  in  the  dark, 
with  the  addition  of  a  small  piece  of  camphor,  or  it  may  be  dried 
in  vacuo,  powdered,  and  thus  supplied  in  a  convenient  form  for  trans- 
port.    It  has  merely  to  be  dissolved  in  water  before  use. 

Klein  employed  a  modified  plan  by  which  he  claimed  to  have 
obtained  antitoxin  in  a  far  shorter  time  than  is  possible  by  Roux's 
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method.  Unfiltered  attenuated  culturen  were  injected  into  the 
horse.  Later,  large  quantities  of  living  diphtheria  bacilli  from 
the  surface  of  solid  cultures,  of  gradually  increasing  virulence,  were 
repeatedly  injected  so  as  to  allow  the  bacilli  to  grow  and  multiply. 
In  twenty-three  days  an  antitoxic  serum  was  obtained,  one  part 
of  which  was  found  capable  of  protecting  20,000  to  40,000 
grammes  of  guinea-pig  against  more  than  a  fatal  dose  of  both  living 
bacilli  and  the  resulting  toxin. 

Serum  Treatment  of  Diphtheria.  —The  results  obtained  by 
Behring,  Ehrlich,  Kossel,  and  Wasserman,  in  the  treatment  of 
diphtheria  in  children  in  Germany  by  means  of  the  curative  serum, 
and  by  Eoux  and  others  in  France,  led  to  the  adoption  of  the  treat- 
ment in  this  country.  It  is  best  to  use  an  especially  constructed 
hypodermic  syringe,  which  can  be  easily  taken  to  pieces,  and  placed 
in  boiling  water  to  sterilise  it.  The  skin  sui*face  of  the  flank  is 
washed,  and  disinfected  with  I  in  20  carbolic,  and  the  antitoxin  is 
then  injected.  The  S3rringe  is  taken  to  pieces,  placed  again  in  boiling 
water,  and  thoroughly  cleaned. 

The  dose  will  depend  upon  the  age  of  the  patient  and  the 
strength  of  the  serum.  From  10  cc.  to  20  cc.  are  injected  in  children 
under  fifteen,  and  30  cc.  to  40  cc.  in  older  patients,  and  the 
injection  may  be  repeated  in  12  hours.  The  best  results  are  said 
to  be  obtained  by  injecting  every  12  hours,  for  the  first  12,  36  or 
48  hours,  according  to  the  nature  of  the  case,  1,000  Behring's  units, 
this  being  the  dose  calculated  according  to  the  immunising  power  of 
the  serum.  The  result  of  the  injection  is  to  lower  the  temperature 
and  pulse,  but  frequently  the  reverse  occurs,  and  in  about  half  the 
cases  an  urticarial  and  sometimes  a  scarlatiniform  rash  is  produced. 
Pains  in  the  joints,  in  rare  cases  effusion,  may  also  result  from  the 
injection. 

The  beneficial  results  of  the  treatment  are,  according  to  the 
Report  of  the  Medical  Superintendents  of  the  hospitals  of  the 
Metropolitan  Asylums  Board,  as  follows  : — 

(1)  Diminution  of  the  faucial  swelling  and  of  the  consequent 
distress ; 

(2)  Lessening  or  entire  cessation  of  the  irritating  and  offensive 
discharge  from  the  nose ; 

(3)  Limitation  of  the  extension  of  membrane ; 

(4)  Earlier  separation  of  the  exudation ; 

(5)  Limitation  and  earlier  separation  of  membrane  in  laryngeal 
cases; 

(6)  Improvement  in  general  condition  and  asj)ect  of  patients ; 
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(7)  Prolongation  of  life,  in  cases  which  terminate  fatally,  to  an 
extent  not  obtained  with  foi*mer  methods  of  treatment. 

Statistics  have  also  been  brought  forward  which  show,  assuming 
them  to  be  reliable,  a  great  reduction  in  the  mortality  after  the 
antitoxin  treatment.  A  few  instances  may  be  quoted  to  illustrate 
the  statistical  evidence. 

According  to  Behring,  in  the  four  years  prior  to  the  employment 
of  antitoxin,  there  were  in  Berlin  15,958  cases  of  diphtheria,  with  a 
moi'tality  of  35*2  per  cent.  In  1894-5  there  was  an  epidemic  of 
5,578  cases.  Behring  asserts  that  if  the  mortality  had  not  been 
reduced  by  the  antitoxin  treatment  1,963  would  have  died  instead 
of  1,056.  Behring  also  states  that  in  the  Chants  Hospital  there 
were  299  patients,  with  53  deaths,  or  16*7  per  cent.  In  the  Bethania 
Hospital,  whei-e  antitoxin  was  not  employed,  there  were  249 
patients,  with  112  deaths,  or  43  per  cent. 

At  Vienna,  at  the  Anna  Hospital  for  children,  the  mortality 
in  760  cases  was  50*65  per  cent.^  but  after  the  introduction  of  anti- 
toxin there  were  40  deaths  in  159  cases,  giving  a  mortality  of 
25*5  per  cent. 

In  New  York,  it  is  said  that  before  the  introduction  of  anti- 
toxin the  mortality  ranged  from  30;67  to  37*34,  while  in  1895,  under 
treatment  with  antitoxin,  the  mortality  fell  to  19*43;  but  it  was 
also  pointed  out  that  since  the  introduction  of  antitoxin  many 
children  with  trifling  attacks  had  been  treated,  and  reported  as 
suffering  from  actual  diphtheria,  and  that  they  would  have  recovered 
without  antitoxin,  and  therefore  these  cases  have  given  the  remedy 
some  credit  which  it  does  not  deserve. 

In  London,  according  to  the  Beport  of  the  Medical  Superin- 
tendents of  the  hospitals  of  the  Metropolitan  Asylums  Board  there 
were  in  1894,  before  antitoxin  was  employed,  3,042  cases  of 
diphtheria  with  902  deaths  or  29*6  per  cent.,  and  in  1895,  when 
antitoxin  was  used,  3,529  cases  with  796  deaths  or  22*5  per  cent.  : 
a  reduction  of  7*1  per  cent,  below  that  of  1894.  The  conclusions 
drawn  from  the  statistical  and  clinical  observations  are  summed  up 
in  the  Report  thus : — 

The  improved  results  in  the  diphtheria  cases  treated  during  the  year 
1895,  are  :— 

(I.)  A  great  reduction  in  the  mortality  of  cases  brought  under  treat- 
ment on  the  first  and  second  day  of  illness. 

(II.)  The  lowering  of  the  combined  general  mortality  to  a  point 
below  that  of  any  former  year. 

(in.)  The  still  more  remarkable  redaction  in  the  mortality  of  the 
laryngeal  cases. 
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(lY.)  The  uniform  improvement  in  the  results  of  tracheotomy  at 
each  Heparate  hospital. 

(Y.)  The  beneficial  effect  produced  on  the  clinical  course  of  the 
disease. 

A  consideration  of  the  statistical  tables  and  clinical  observations, 
covering  a  period  of  12  months  and  embracing  a  large  number  of  cases, 
in  our  opinion  sufficiently  demonstrates  the  value  of  antitoxin  in  the 
treatment  of  diphtheria. 

It  must  be  clearly  understood,  however,  that  to  obtain  the  largest 
measure  of  success  with  antitoxin  it  is  essential  that  the  patient  be 
brought  under  its  influence  at  a  comparatively  early  date — if  possible  not 
later  than  the  second  day  of  disease.  From  this  time  onwards  the  chance 
of  a  successful  issue  will  diminish  in  proportion  to  the  length  of  time 
which  has  elapsed  before  treatment  is  commenced.  This,  though 
doubtless  true  of  other  methods,  is  of  still  greater  moment  in  the  case 
of  treatment  by  antitoxin. 

Certain  secondary  effects  not  infrequently  arise  as  a  direct  result  of 
the  injection  of  antitoxin  in  the  form  in  which  it  has  at  present  to  be 
administered,  and,  even  assuming  that  the  incidence  of  the  normal  com- 
plications of  diphtheria  is  greater  than  can  be  accounted  for  by  the 
increased  number  of  recoveries,  we  have  no  hesitation  in  expressing  the 
opinion  that  these  drawbacks  are  insignificant  when  taken  in  conjunction 
with  the  lessened  fatality  which  has  been  associated  with  the  use  of  this 
remedy. 

We  are  further  of  the  opinion  that  in  antitoxin  serunv  we  possess 
a  remedy  of  distinctly  greater  value  in  the  treatment  of  diphtheria  than 
any  other  with  which  we  are  acquainted. 

On  the  other  hand  it  has  l)een  urged  that  tlie  decline  in  the 
mortality  in  1895  in  London,  which  huH  been  uttiibuted  entirely 
to  the  antitoxin  treatment,  may  |)08.sibly  bo  partly  due  to  the  pre- 
valence of  a  mild  type  of  the  diKease,  and  that  the  fall  in  the 
mortality  during  the  seven  previous  years  from  59  per  cent,  in 
1888  to  29  i)er  cent,  in  1894,  continued  in  1895. 

It  is  obvious  that  the  whole  subject  i^erjuires  to  l>e  very  carefully 
considered,  and  before  any  final  conclusion  can  l)e  arrived  at  as  to 
the  therapeutic  value  of  antitoxin,  the  evidence  of  others  who  have 
h{id  great  ex[)erienee  in  the  treatment  of  diphtheiia  by  the  old  and 
the  new  methods  must  Ije  taken  into  account,  and  reliable  statisticH 
allowed  to  speak  for  tliemselves. 

Preparation  of  Tetanus  Antitoxin. 

Antitoxin  for  use  in  the  serum  treatment  of  tetanus  is  obtained 
from  the  horse.  The  tetanus  bacillus  is  cultivaited  in  an  atmosphere 
of  hydrogen,  in    flasks  8j>ecially  constructtHl   for  the   purpose.     In 
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about  a  fortnight  the  cultures  are  extremely  toxic.  The  toxin  is 
obtained  free  from  bacilli  by  filtration  through  porcelain.  Injec- 
tions may  be  given  daily,  subcutaneously  or  intravenously,  beginning 
with  1  cc.  of  iodised  toxin,  and  gradually  increasing  the  dose  until 
the  pure  toxin  may  be  injected  without  danger. 

Roux  and  Yaillard  produced  immunity  in  about  three  months. 
When  a  few  days  have  elapsed  after  the  last  injection,  the  blood  is 
drawn,  by  means  of  a  trocar  and  cannula,  from  the  jugular  vein  into 
a  sterilised  glass  vessel,  and  set  aside  to  coagulate ;  next  day  the 
serum  is  drawn  off  with  a  pipette,  and  used  in  the  liquid  state,  or 
dried  in  a  vacuum  over  sulphuric  acid,  and  subsequently  powdered. 
When  required  for  use  the  powder  is  dissolved  in  cold  water.  About 
5  grammes  are  used  for  a  dose. 

Sernm  Treatment  of  Tetanus.— The  result,  so  far,  of  the 
employment  of  tetanus  antitoxin  in  animals  suffering  from  tetanus 
is  disappointing,  and  the  serum  treatment  is  not  likely  to  be  of  much 
value  in  veterinary  practice.  Nocard  infected  sheep  with  tetanus 
by  inserting  splinters  of  wood  infected  with  spores  into  the  muscles 
of  the  leg.  Tetanus  supervened  in  eleven  days,  and  the  splinters 
were  removed,  the  tissues  excised,  and  the  wounds  dressed  with 
iodoform.  About  twelve  hours  after  the  symptoms  had  shown 
themselves,  the  sheep  were  inoculated  with  antitoxic  sei*um  at 
intervals  of  one  .hour,  but  they  all  succumbed  to  tetanus.  In  one 
case  the  total  amount  injected  was  160  cc.  of  highly  antitoxic  serum. 

The  antitoxin  has  been  employed  in  tetanus  in  man.  Kanthack 
has  collected  the  history  of  a  number  of  cases,  and  they  indicate 
that  the  treatment  is  useless  in  acute  cases  in  man  with  a  short 
incubation  period,  while  chronic  cases  with  a  long  incubation  period 
often  recover  after  the  treatment.  At  the  same  time  it  must  be 
remembered  that  recovery  often  took  place  in  chronic  cases  before 
the  introduction  of  the  antitoxin  treatment. 

The  question  must  still  be  considered  to  be  sub  judice,  and  a 
trustworthy  conclusion  can  only  be  based  upon  a  more  extended  use 
of  the  antitoxin  and  impartial  reports  of  every  individual  case. 

Antitoxin  of  Septic  Infections. 

An  anti-streptococcic  serum  has  been  prepared  by  Marmorek.  A 
culture  of  streptococcus  was  intensified  in  virulence  by  inoculation 
from  rabbit  to  rabbit,  and  highly  virulent  cultures  gave  rise  to  a 
powerful  toxin.  Koget  and  Charrin  also,  found  that  the  serum  of 
immunised  rabbits  and  of  a  horse  conferred  immunity.     A  patient 
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with  puerperal  fever  was  injected  with  8  cc.,  on  the  follow- 
ing day  with  16  cc.,  and  on  the  third  day  with  25  oc.  On  the 
foiu*th  day  the  temperature  had  fallen,  and  the  patient  recovered. 
Favourable  results  are  said  to  have  followed  the  use  of  the  serum 
in  46  cases  of  erysipelas. 

Bokenham,  working  independently,  cultivated  the  streptococcus 
in  a  mixture  of  broth  and  serum.  Horses  and  asses  were  inocu- 
lated, and  a  considerable  degree  of  immunity  established.  The 
serum  of  an  inoculated  ass  possessed  antitoxic  power. 

Ruffer  and  Bullock  succeeded  in  immunising  four  horses  against 
the  toxin  of  Streptococcus  pyogenes ;  two  had  been  previously  immu- 
nised against  the  toxin  of  the  diphtheria  bacillus.  The  streptococcus 
was  cultivated  by  Marmorek's  methods  in  a  mixture  of  two  parts 
of  blood-serum  and  one  part  of  peptonised  broth,  and  the  virulence 
of  cultures  maintained  by  inoculation  of  rabbits.  On  testing  the 
immunising  power  of  the  antitoxic  serum  on  rabbits,  the  effect 
appeared  to  be  slight  in  comparison  vdth  the  antitoxins  of  the 
bacilli  of  diphtheria  and  tetanus.  In  treating  cases  of  septic  infection 
in  the  human  subject,  it  has  been  recommended  to  commence  with 
two  injections  of  10  cc,  and.it  is  said  that  no  unfavourable  results 
have  been  met  with  which  could  be  attributed  to  the  effect  of  the 
«erum. 

Antitoxin  of  Typhoid  Fever  and  Other  Diseases. 

An  antitoxic  serum  has  been  obtained  by  Chantemesse  for  use  in 
cases  of  typhoid  fever,  and  it  is  probable  that  attempts  will  be  made 
to  extend  the  principle  of  the  antitoxic  treatment  to  other  infective 
diseases. 


CHAPTER  VII. 

THE   BACTERIOLOGICAL  MICROSCOPE. 

The  instruments  sometimes  in  use  in  biological  and  pathological 
laboratories  are  not  sufficient  for  the  study  of  bacteria.  It  is 
absolutely  essential  for  the  examination  of  such  minute  objects  that 
the  microscope  should  be  equipped  with  an  objective  of  sufficiently 
high  magnifying  power  and  with  a  special  illuminating  apparatus, 
while  the  mechanical  arrangements  of  the  stage  must  admit  of  the 
examination  of  plate-cultivations.  It  would  not  be  within  the  scope 
of  this  work  to  give  a  detailed  account  of  the  mechanical  arrange- 
ments and  optical  principles  of  the  microscope.  These  matters  are 
fully  dealt  with  in  special  works  on  the  subject,*  but  sufficient  will 
be  said  to  afford  assistance  in  the  selection  of  a  suitable  instrument, 
and  to  explain  the  improvements  in  the  microscope  which  have  been 
such  an  aid  in  bacteriological  investigations. 

A  magnified  image  of  an  object  is  the  result  of  the  change 
produced  in  the  direction  of  rays  of  light  which  are  made  to  pass 
through  lenses.  This  alteration  in  the  course  of  the  rays  is  known 
as  ref reaction,  A  ray  of  light  passing  from  a  larer  into  a  denser 
medium  is  refracted  towards  a  line  drawn  perpendicularly  to  the 
surface  of  the  latter.  A  ray  of  light  passing  through  air  and 
impinging  on  water  will  not  pass  on  in  the  same  direction,  but  will 
be  refracted  towards  a  line  drawn  perpendicularly  towards  the 
surface  of  the  water.  If  the  ray  pa5s  into  glass  instead  of  water 
a  greater  refraction  will  take  place,  and  if  it  pass  into  diamond  the 
bending  in  its  course  will  be  still  greater  (Fig.  11). 

The  sines  of  the  angle  of  incidence  and  refraction  of  different 
substances  have  a  constant  ratio  to  each  other,  wliich  is  known 
as  the  index  of  refraction,  and  this  is  determined  for  different 
substances  by  the  refraction  produced  by  the  passage  of  rays  from 
a  vacuum.     Thus  the  index  of  refraction  for  flint  glass  is  about  1*6, 

•  Carpenter :  27ie  Microscope,     Nageli  and  Schwenderer :  The  Microscope 
i*  Theory  and  Practice. 
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the  eine  of  the  angle  of  incidence  of  a  ray  passing  from  a  Tacuum 
into  glass  being  to  the  nine  of  the  index  of  refraction  as  1'6  to  1, 

If  we  study  the  course  of  a  pencil  of  rays  we  find  that  soniQ 
of  the  rays  are  rtjUettd  instead  of  entering  the  medium  and  being 
refracted.  When,  for  example,  a  pencil  of  rays  falls  upon  water 
or  glass,  after  passing'  through  air,  some  of  the  rays  are  lost  by 
reflection,  and  the  pn^Kirtioti  of  the  loet  rays  will  increase  with 
their  obliquity.  The  diminution  of  the  brightness  of  the  image 
when  pencils  of  rays  have  to  pa«e  through  lensee  is  thus  accounted 
for,  and  this  loss  of  light  increases  when  the  namber  of  8urface& 
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through  which  the  rays  imsa  iire,  us  in  high-jiowei-  objectives, 
increased.  There  it*  an  additional  Ioks  when  there  is  an  increase  in 
the  difference  between  the  refractive  iM)wer  of  the  different  media 
Hirough  which  light  passes.  When  iteuoilH  of  ruyji  puss  from  glaw 
into  air,  and  then  into  glofut  again,  tlie  loss  is  much  greater  tbiin 
when  the  ntr  u,  replaced  by  a  medium  with  a  refractive  index  more 
nearly  approsiching  tliat  of  glans.  TIum  explains  the  value  of  the 
immersion  Kystem,  which  will  l>e  referred  to  more  fully  later  on, 
and  also  the  advantage  of  cementing  piiirsi  iif  lenses  with  Canada 
balsam  or  glass  pa«te.     The  lenxes  umhI  in  the  (>i>ticul  arrangements 
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of  a  microscope  are  principally  convex,  and  the  imperfections  which 
result  must,  if  possible,  be  entirely  overcome.  Thase  imperfections 
are  spherical  and  chromatic  aberration. 

Spherical  aberration  results  from  the  unequal  refraction  of 
rays  passing  through  lenses  with  equal  curvatures.  The  rays  passing 
through  an  ordinary  convex  lens  do  not  all  come  to  the  same  focus. 
The  rays  passing  through  the  marginal  portion  come  to  a  focus  at  a 
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Fig.  12.— Spherical  Aberration. 


point  much  nearer  to  the  lens  than  the  focus  of  the  rays  passing 
through  the  more  central  portion  of  the  lens  (Fig.  12).  If  the  whole 
apertiu^  of  the  lens  is  used  there  must  of  necessity  be  bhirring,  for 
at  the  point  at  which  the  marginal  rays  form  a  distinct  image  the 
central  rays  will  be  out  of  focus,  and  at  the  point  at  which  the 
central  rays  form  a  distinct  image  tlie  marginal  rays  will  have 
diverged,  causing  indistinctness. 

This  is  partially  remedied  by  using  a  diaphragm 
and  shutting  out  the  marginal  rays ;  but  tliis  is 
at  the  cost  of  loss  of  light  and  diminution  of  the 
angle  of  aperture.  The  difficulty  is  approximately 
overcome  in  practice  by  using  a  combination  of 
lenses.  The  aberration  of  a  convex  lens  is  the 
opposite  of  that  of  a  concave  lens  (Fig.  13).  The 
makers  of  the  best  lenses  endeavour  to  obtain  this 
correction  as  perfect  as  possible  to  get  the  sharpness 
of  the  image,  so  essential  in  studying  the  mor- 
phology of  bacteria. 

Chromatic  aberration  Ls  the  result  of  tlie 

unequal  refrangibility  of  the  coloured  rays  which 
compose  white  light.  If  parallel  raj^  of  light  pass  through  a 
convex  lens  the  violet  rays,  which  are  the  most  refrangible,  will 
come  to  a  focus  at  a  point  much  nearer  to  the  lens  than  the 
focus  of  the  red  rays,  which  are  the  least  refrangible ;  and  the 
intermediate  rays  of  the  spectrum  will  be  focussed  at  points  between 
the  red  and  the  violet.  A  screen  held  at  either  of  these  foci 
will  show  an  image  with  prismatic  fringes  (Fig.  14). 


Fig.  13.— Com- 
bination o  F 
Lenses  in 
Abba's  Homo- 
geneous Im  - 
meiision. 
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The  chromatic  aberration  may  be  reduced  by  stopping  out  the 
marginal  rays;  but  as  it  is  necessary  to  get  the  most  perfect 
correction  possible,  advantage  is  taken  of  the  different  relations 
which  the  refractive  and  dispersive  powers  bear  to  each  other  in 
different  glasses.  By  combining  a  double  convex  lens  of  crown 
glass  with  a  plano-convex  lens  of  flint  glass,  correction  is  obtained 
for  the  violet  and  red  rays.  An  achromatic  objective  is  constructed 
on  this  principle,  but  the  result  is  not  perfect,  as  the  intermediate 
coloured  rays  remain  uncorrected,  and  what  is  termed  a  secoiidart/ 
spectrum  gives  rise  to  images  with  coloured  fringes,  especially  at  the 
margin  of  the  field.  Abb^  and  Schott,  after  a  great  number  of 
experiments,  succeeded  in  discovering  a  glass  with  optical  properties 
which  removed  the  secondary  spectrum,  and  objectives  made  with 
the  new   glass  are  termed  apo-ohroTnatic,     There   is   much   more 


Fio.  14.— Chromatic  Abkrration. 


perfect  concentration  of  the  component  rays  than  in  the  ordinary 
achromatic  objectives,  and  the  advantages  thus  obtiiiued  are  very 
great.  The  objectives  can  be  made  of  higher  angle  and  admit  of 
higher  eye -pieces  being  usetl  without  materially  diminishing  the 
brilliancy  and  definition  of  the  image.  There  is  a  complete  absence 
of  coloured  fringes,  and  the  perfect  definition  is  invaluable  in 
micro-photography. 

Another  fault  which  has  to  be  corrected  is  the  aberration  caused 
by  covering  a  microscopical  preparation  with  a  cover-glass.  Ross 
was  the  first  to  point  out  the  difference  in  the  image  when  the 
object  was  examined  under  a  cover-glass,  and  that  by  altering  the 
position  of  the  front  pair  of  lenses,  in  an  objective  corrected  for  an 
uncovered  object,  the  objective  could  be  corrected  for  the  covered 
object  (Fig.  15). 

Objectives  are  generally  corrected  for  a  standard  thickness  of 
cover-glass,  but  H.  Lister  de\dsed  a  screw-collar  adjustment  by 
which  the  position  of  the  front  pair  of  lenses  could  be  altered  at 
will;  and  as  it  is  almost  impossible  to  obtain  cover-glasses  which 
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do  not  vary  flligbtly  in  thicknees,  the  most  perfect  definitioa 
can  only  be  obtAiued  by  adjusting  for  each  separate  cover-glasa 
preparation. 

Immersion  Bystem. — All  objectives  were  formerly  used  dry — 
that  is  to  say,  with  an  air  space  between  the  objective  and  the 
specimen  to  be  ezamtned— but  high-power  objectives  are  now  almtut 
entirely  made  on  the  immersion  system,  a  drop  of  liquid  being 
interpoeed  between  the  objective  and  the  cover-glass. 

About  fifty  years  ago  Amici  observed  that  if  a  drop  of  water 
intervened  between  the  cover-glass  or  an  uncovered  object  and  the 
lens  the  image  was  more  brilUant.     The  passage  of  rays  from  the 
object  or  the  cover-glass  into   air, 
and  again  from  air  into  glass,  cauBed 
considerable    loss  of   light.      With 
objectives  of  wide  angle  of  aperture 
the  advantages   were  counteracted 
by  the  reflection  of  rays  falUng  ob- 
liquely upon  the  lens.      By  inter-  i 
posing  water    more  rays  are   bent  '- 

in  or  refrncted,  and  enter  the  lens 
instead  of  being  reflectetl  and  lost. 

Hartnnck,  Nnchet,  and  othei-s 
adopted  the  immersion  system,  ami 
,.   I  ,       ■  ■       1  Fia-  15-- 

high-power  waier  immersion  Idnsew 

were  construi^ted  with  high  angle 
of  aperture.*  It  waa  found  that  there  was  less  necessity  for 
correcting  for  covers  of  diSei'ent  thickness,  as  the  aberration  from 
this  cause  was  diminished.  Tiie  lenses  were  corrected  for  an  average 
thickness  of  cover,  and  slight  deviations  produced  hardly  any 
appreciable  effect. 

Wenham,  Stephenson,  Ab))£,  and  Zeiss  carried  the  system  to 
perfection.  They  argued  that  the  advantages  obtained  by  water 
immersion  would  be  intensified  if  a  liquid  could  be  found  of  the 
same  refractive  and  dispersive  power  as  crown  glass.  The  media 
would  be  optically  uniform,  and  the  restdt  a  komot/eneorts  t'l 


*  The ajtgU  of  aperture  \i  "the  arple  made  by  the  most  diverging  ol  the 
rajB  of  tbe  pencil  isauing  from  any  pi>int  of  «□  object  tbat  can  enter  the  leas, 
and  take  part  in  tbe  formation  of  an  image  of  it." 

Tbe  namerical  apertma  is  ilcSned  by  Abb6  as  eqnal  to  "  tbe  sine  of  the 
angle  of  apennre  maltiplied  by  the  refractive  index  of  the  medium  between 
tbe  object  and  the  objective." 


70  BACTERIOLOGY. 

After  experimenting  with  different  liquids — solutions  of  salts, 
and  various  essential  oils — Abb^  recommended  cedar  oil  as  most 
suitable  for  the  purpose.  In  its  optical  properties  it  very  closely 
resembles  crown  glass,  and  it  is  far  more  convenient  for  use  than 
any  watery  solutions  of  salts,  especially  when  it  is  necessary  to 
make  a  more  or  less  prolonged  examination  of  an  object. 

The  difference  between  the  dry,  water,  and  oil  immersion  systems 
may  be  illustrated,  as  Frankel  has  pointed  out,  by  a  very  simple 
experiment.  If  a  glass  rod  is  inserted  into  an  empty  test-tube,  it 
is  easily  visible  owing  to  the  difference  in  refraction  between  the 
glass  and  the  surrounding  air.  If  the  tube  is  filled  up  with 
water  the  rod  is  seen  with  difficulty,  and  if,  instead  of  water,  cedar 
oil  is  used,  the  part  of  the  rod  immersed  in  the  oil  will  entirely 
disappear  from  view.  The  rays  of  light  pass  through  an  optically 
uniform  medium  in  the  experiment  with  cellar  oil,  and  no  refraction 
or  reflection  of  rays  of  light  can  occur. 

To  use  an  oil  immersion  objective,  a  minute  drop  of  cedar  oil 
is  placed  on  the  centre  of  the  cover-glass,  and  the  lens  lowered 
by  means  of  the  coai*se  adjustment  until  it  touches  the  oil.  The 
si)ecimen  is  then  carefully  brought  into  focus  with  the  fine  adjust- 
ment. If  the  slide  is  held  between  the  finger  and  thumb  of  one 
hand,  and  moved  from  side  to  side  while  the  other  hand  is  working 
the  fine  adjustment,  there  can  be  no  danger  of  injuring  eitlier  the 
objective  or  the  sj)ecimen. 

Microscopes  ai*e  made  upon  either  the  Ross  or  the  Jackson 
model.  In  the  Boss  model  the  body  of  the  microscoi)e  is  fixed 
at  its  base  to  a  transverse  arm,  which  is  raised  or  lowered  with 
it  by  the  rack  and  pinion.  In  the  Jackson  mtxlel  the  body  is 
suppoi*ted  for  a  great  part  of  its  length  on  a  solid  "  limb." 

In  the  Ross  model,  unless  the  body  and  transverse  arm  are  very 
solid  as  in  Powell  and  Lealand's  microscopes  (Fig.  23),  there  will  be 
vibration  at  the  ocular  end ;  but  in  the  Jackson  model  vibration  is 
practically  prevented,  and  this  is  most  essential,  especially  in  working 
with  very  high  powers. 

The  steadiness  of  the  microscope  also  largely  de{)ends  upon  the 
form  of  stand.  There  are  four  different  types  of  stands.  The 
triiKxl  (Fig.  23) ;  the  plate,  with  double  columns ;  the  single  column, 
ending  in  a  plate  or  a  bent  claw;  and  the  horse-shoe  (Fig.  18). 

The  tripod  stand  with  cork  feet  is  the  steadiest  form  of  stand, 
but  it  is  cumbrous  and  expensive,  and  these  objections  also  apply  to 
the  model  made  by  Ross. 

The  single  upright  should  be  unquestionably  condemned,  as  it 
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freely  admitH  of  vibratioo,  and  U  most  inconvenient  for  Uborattv; 
work,  The  heavy  horee-Bhoe  form  is  cnmpact  and  firm,  and  the 
weight  of  it  can  hardly  be  considered  an  objection. 

The  tubular  body  b  from  eight  to  ten  inches  in  length,  aod  within 
it  is  a  draw-tube  with  engraved  wale.  By  extending  the  draw-tube 
greatr  magnification  is  obtuined ;  but  as  this  18  at  the  oast  of 
definition  it  sliould  hardly  ever  be  uwd  in  the  examination  of 
bacteria. 

A  triple  nom-pieoe  ia  a  great  oonvenience,  Having  the  Uma  which 
is  otherwiHe  spent  in  replacing  objectiveu  of  different  magnifying 
power,  iind  there  iti  lem  risk  of  injuring  them. 

Foait  should  be  obtained  by  means  of  a  rack  and  funion  coane 
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adjuHtraent.  The  sliding  tul)e  is  not  to  lie  recommeniieil,  uh  the 
motion  may  l>e  stiff,  enrouragin^  the  wv>  of  force,  which  in  turn  may 
result  in  the  objective  being  brought  violently  into  contact  with  the 
specimen,  injuring  the  lens  or  <lHniaginf(  the  preparation ;  or  it  may 
get  Uxi  looie  and  readily  slip  out  nf  focuw. 

The  Oage  Bhoulil  lie  flat  and  ligid,  either  rectangular  or  circular, 
BO  long  as  it  is  sufficiently  large  to  acoommmluto  a  plate-cultivatiou. 
A  removable  mcchaniciil  stage  is  of  great  advantage  for  wwkina 
with  high  p«wer«,  aa  a  motile  biieteriuni  can  be  constantly  kept  in 
view  while  one  hand  is  engaged  in  working  the  fine  adjustment 
(Fig.  17).  It  may  also  be  eniploye<l  as  u  finder  if  it  is  engravad 
with  a  longitudinal  and  vertical  scale,  and  provided  with  a  stopi 
The  mechanical  stage  must  be  i-cmovable,  ho  that  the  stage  pn^ter 
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mny  be  free  from  tiny  attachments  when  required  for  the  ezs 
tjon  of  cultureti. 

Diapkragnu  are  Qecessary  for  regulating  the  amount  of  light. 
The  plftn  of  using  a  series  of  discH,  with  aperturee  of  different  sizes, 
Hhould  be  avoided,  as  they  are  easily  lost,  and  bacteriological  inveeti- 
gatiuHM  may  have  to  be  made  under  conditions  in  which  it  is  difficult 
to  rei)lace  them.  A  better  plan  in  a  revolving  plate  with  upertures 
of  different  sii^efl,  but  the  most  convenient  form  is  the  iris  diaphragm 
(Fig.  10). 

The  sab-Btage  oondenser  is  quite  as  necessary  in  bactenological 

work  as  a  high-power  objective.     In  fact,  the  oondenser  and  the 

objective  (should  be  considered  ne  forming  one  optical  apparatus,  and 

the  microHCOpe    re^irded   quite  as 

incomplete  without  a  cumleniter  as 

it  would  be  without  an  objective. 

By  means  of  the  sub-stage  con- 
denser (Fig.  20)  the  rays  of  light 
are  concentruted  at  one  point  or 
on  one  jiartiuular  bacteriiun  ;  aud 
for  the  beat  <1efinition  it  is  essential 
t)mt  there  should  Iw  meclianical 
Km.  1..-IK,.  Durai,,,,.  """ng"""'"  '«>■  accimtely  CM- 
tring  and  foeusNing  the  condenser. 
It  may  oven  with  advimtiige  l>6  provideil  with  a  fine  adjustment. 

To  sum  up,  a  mici-oscope  for  bacteriologic-al  investigation  should 
be  proviikyl  with  (1)  a  nteady  staml  <if  either  the  tripotl  or  horse- 
nlioe  form  ;  (2)  a  tuliular  Itoily  on  the  Jackwn  moilel ;  (3)  a  wide- 
angled  Huli-Htnge  condeiiHtT,  mich  aiiAbbe'H;  (4)  objectives  of  an  inch, 
Jth  of  an  inch,  and  a  j'jth  lioniogeneous  immernion ;  (5)  a  removable 
mecbaiiiciil  stage ;  and  for  the  most  accurate  work  thei-e  should  be 
centring  aiTangemetits  and  a  coarse  and  fine  adjustment  to  an  (h1- 
immersion  sub-stage  condenser  such  as  Powell  and  Jjeuland's,  and 
a  ^'jth  homogeneous  oil -immersion  apo-chromatic  objective. 

With  regard  to  the  choice  of  a  micn»8cope,  it  is  chiefly  a 
question  of  price.  The  most  perfect  instrument  is  the  large  model 
by  Powell  and  Lealand,  but  it  is  most  expensive,  and  quite  unsuit- 
able for  laboratory  work.  For  general'  use  excellent  instruments 
are  made  by  Zeiss,  Leitz,  Reichert,  or  Swift  The  bacteriological 
microscopes  of  these  makers  are  in  the  necessary  equipment 
practically  identical.  The  Zeiss  microscope  is  the  most  finished,  and 
costs  about  twenty  pounds.  A  similar  microscope  by  Leitz  and 
by  Swift  costs  about  eighteen,  and  both  make  an  excellent  students' 
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bacteriological  microscope,  with  a  cheitp  form  of  adjustment  to  the 
sub-stage  cuniilenser,  at  a  total  cwt  of  about  flftepn  iKHiiids. 

Method   of    lUnininatiOD Good    daylight  is   the    beat  for 

general  work.  The  inicro-^ope  ahottld  be  placed  uear  a  window 
with  a  northern  aspect  Direct  sunlight  should  never  be  utilised,  and 
the  beet  light  ia  that  reflected  !roia  a  white  cloud,  Wheti  daylight 
U  not  available  good  results  can  be  obtained  with  either  gas  or  a 


^    t 


W^^ 


[rarntiin  lamp.  In  the  autbor'a  laboratoiy  the  microscope  lamps 
are  fitted  with  Welalmcb  incandescent  mantles.  These  have  many 
a<lvauiages  over  an  Argand  burner  or  a  paraffin  lamp.  A  steady 
and  beautifully  white  light  is  obtained,  and  the  lamps  are  quickly 
lit,  and  require  comparatively  little  attention.  In  using  high  powera 
and  carefully  focussing  the  aub-stage  condenser,  the  image  of  the 
fabric  of  the  mantle  is  embarrassing,  and  is  an  objection  to  this 
light  for  the  most  accurate  observations,  but  in  other  respects,  and 
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for  general  iwo,  It  is  the  beat  form  of  artificial  illumination  for  the 
mionMoope, 

All  onUiiary  jMraffin  lamp  of  the  cheapest  form  may  be  used, 
lint  there  are  many  objections  to  it,  such  as  the  shape  of  the 
chimney,  ami  the  Htrite  niid  defects  in  the  glass.  The  beet  form  of 
IwrHtfiii  lamp  iti  cotuitructed  by  Baker  and  by  Swift  from  sug- 


^AF»i-ais  bv  X^Kw  an,]  Dallin^r  (fV'  -1^:  fhff*  i^  also  a  amilar 
Sm  ttath  Isrpn-  ^MTvm  whioh  i#  matle  b>-  Swifi  (Hg.  H).  Tht 
j.ne  •ie  luup  hft»  «  lirsr  flat  bowl  fur  the  ■.-•L  It  is  alutcbed  to 
K  TOaUiiATii.  and  «>&  Iv  ru:«^i  iCv  l<iwn«J  1o  tb^  deEarcd  pocnicn. 
TW  dareiicv  i.  .t"  a«*l  aixl  Mack^4K>d.  !<«  thai  ibM«  »  w>  rrtfccMd 
oAa-  ks^  it  may  al:ii-<  with  advauijuie  V  |«vw7<inl  with  a  fihaJe^ 
!V>  tiihi  !).■  lijtt  tvim-Imis  tin?  *\v  (■i.vtfl  ihK«^  !!»*■  mkrwcKfw. 

Tbr  SsriMt-  mat  1*^  isaJr  1>'  ?t-v.iuiv.  so  ubat  mhrr  tfar  edpe  or 
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the  flat  of  the  flanie  may  be  utilised.  Great  care  should  be  tiiken 
to  have  the  wick  evenly  trimmed.  The  best  paraffin  oil  should 
be  burnt,  and  it  is  as  'well  to  add  a  small  lump  of  camphor,  Tha 
metal  chimney  has  an  aperture  in  front,  giving  exit  to  the  rays  of 
light,  which  is  closed  in  by  a  slip  of  glass.  The  gliiss  is  very  liable 
to  crack  when  exposed  to  the  full  force  of  the  flame,  and  it  is  us  well, 
tlierefore,  to  be  provided  with  a  stock  of  glass  slips,  which  have 
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:^aled  by  being  envelojied  io  a  cloth  and  boiled  for  two  a 


been  ami 

The  flat  of  the  flume  is  used  with  low  powers.  The  image  of 
the  flame  is  reflected  by  a  jihine  mirror,  and  a  bull's-eye  condenser 
iut«rpose<l  between  the  lamp  and  the  mirror  to  give  an  equal 
illumination  of  the  whole  field.  In  working  with  high  powers  the 
lamp  ifl  turned  witli  the  flame  edgewise,  aud  the  mirror  is  dispensed 
with.  By  working,  as  it  is  termed,  directly  on  the  edge  of  the 
flame,  the  illumination  is  greatly  increased,  aud  a  band  of  light  can 
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be  concentrated  on  that  part  of  the  microscopical  preparation  which 
requires  most  careful  study  (Fig.  23). 

To  obtain  the  best  definition  considerable  time  must  be  spent  in 
the  arrangement  of  the  illumination.  The  lamp  and  microscope 
having  been  placed  in  position,  a  low  power  is  first  used  and  the 
smallest  diaphragm.  On  looking  through  the  microscope  it  will 
probably  be  observed  that  the  image  of  the  diaphragm  is  not  in 
the  centre  of  the  field.  By  moving  the  centring  screw  of  the  con- 
denser this  may  be  adjusted.  The  imago  of  the  edge  of  the  flame 
may  not  be  central,  and  this  must  be  adjusted  by  moving  the  lamp 
into  position.  The  low  power  i»  then  replaced  by  a  high  power, 
the  largest  diaphragm  used,  and  the  bacteria  brought  into  focus. 
The  diaphragm  must  now  be  replaced  by  one  of  medium  size,  and 
by  racking  the  condenser  up  and  down,  a  point  will  be  arrived  at 
when  the  image  of  the  edge  of  the  flame  appears  as  an  intensely 
bright  band  of  light.  If  this  is  not  exactly  in  the  centre  of  the 
field  the  centring  screws  of  the  condenser  must  again  be  adjusted. 
Lastly,  by  trying  different  sizes  of  diaphragms,  and  focussing  with 
the  fine  a<ljustmeut,  and  using  the  correction  collar,  we  arrive  at  the 
sharpest  possible  image  of  the  bacteria. 

When  the  condenser  has  been  accurately  centred,  it  will  still  be 
necessary  to  focus  it  for  each  individual  specimen,  so  as  to  correct 
for  difference  in  the  thickness  of  slides  and  the  layers  of  mounting 
medium.  Correction  for  different  thickness  of  cover-glasses  must 
in  each  case  ))e  made  by  means  of  the  collar  adjustment  in  the  follow- 
ing way.  A  high-power  eye-piece  is  sulwtituted  for  the  ordinary 
eye-pit'ce,  and  the  fault  in  the  image  will  thereby  be  intensified.  By 
moving  the  collar  complett»ly  round,  first  in  one  direction  and  then 
the  oilier,  while  carefully  observing  the  effect  on  the  imag(»,  it  will 
be  seen  to  become  obviously  worse  wliichever  way  the  collar  Is  turned. 
The  collar  must  then  be  turned  through  gi-adually  diminishing  dis- 
tances until  an  intermediate  point  is  reached  at  which  the  best  image 
results  with  the  high-power  eye-piece,  and  on  rei)lacing  this  by  the 
low-[K)wer  eye-piece  the  shari)eKt  i>ossible  image  will  be  obtained. 

Effect  of  the  sub-stage  condenser. — The  sub-stage  condenser 
gives  the  most  powerful  illumination  when  it  has  been  racked  up 
until  it  almost  touches  the  specimen.  It  produces  a  cone  of  rays  of 
very  short  focus,  and  the  apex  of  the  cone  should  corresiwnd  with  the 
particular  bacterium  or  group  of  bacteria  under  observation.  The 
effect  of  the  condenser  without  a  diaphragm  is  to  obliterate  what 
Koch  has  termetl  the  structure  picture.  If  the  comiwnent  i)ai'ts  of  a 
tissue  section  were  colourlass  and  of  the  same  refractive  jxiwer  as 
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tlie  medium  in  which  the  section  in  mounted,  nothing  would  be 
viiiible  under  the  microecope.  As,  however,  the  cells  and  their  aoctet, 
and  the  tissue  fibres  do  differ  in  thin  respect,  tbe  rayg  which  pass 
through  them  are  diffracted,  and  an  image  of  lines  and  shadows  is 
developed.  If  in  such  a  tissue  there  were  minute  oolonred  objects, 
and  if  it  were  possible  to  mount  the  tissue  in  a  medium  of  exactly 
the  same  refractive  power,  the  tissue  being  then  invisible,  the 
detection  of  the  coloured  objects  would  be  much  more  easy.  This 
is  exactly  what  is  required  in  dealing  with  bacteria  which  have  been 
stained  nitb  aniline  dyes,  and  the  desired  result  can  be  obtained 
by  the  use  of  tbe  sub-stage  condenser. 

If  we  use  the  full  aperture  of  the  condenser  the  greatly  converged 
rays  play  on  the  component  parts  of  the  tissue,  light  enten  from 


>.  24.— Rahsciiln  Michouetkh  Ev: 


all  Hidew,  the  Hhadows  disappear,  and  thp  structure  picture  is  lost. 
If  now  a  diaphragm  is  inserted,  so  that  we  are  practically  only 
dealing  with  piirallel  rays,  tbe  Htructure  picture  reappears.  As  the 
diaphragm  is  grndiuilly  increttsed  in  size  tbe  structure  picture 
grmluiilly  Incomes  les-i  uud  less  dititinct,  while  the  colour  picture, 
tbe  image  of  tbe  stainnl  bactei-ia,  becumee  more  and  more  intense. 
When,  tht^refoi'e,  bacteria  in  tlie  living  condition  and  unstained  tissues 
are  exiLioiued  a  diaphragm  must  be  used,  and  when  attention  is 
to  be  concentrated  ii|ion  the  stained  bacteina  iu  u  section  or  in  a 
<!over-g1iuw  prepii ration,  the  diaphragm  inuiit  be  removed  and  the 
fiehl  flooded  mtb  light. 

Micrometer,— For  the  measuiement  of  bacteria  a  stage  micro- 
meter may  he  used  with  a  camera  luciila.  The  stage  micrometer 
consists  of  a  slip  of  thin  glass  ruli^I  with  a  scale  (insisting  of  tenths 
and  hundredths  of  a  millimetre,     Tbe  image  of  this  can  be  projected 
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OQ  a  piece  of  paper,  and  a  drawing  made,  and  the  object  to  be 
measured  can  then  be  projected  coi  the  paper  and  compared  with  the 
scale. 

In  the  Rameden  micrometer  eye-piece  (Fig.  24)  two  fine  wires 
are  stretched  acroHs  the  field  of  an  eye-piece,  one  of  which  can  be 
moved  by  a  micromet«r  screw.  In  the  field  there  ia  also  a  scale 
with  teeth,  and  the  interval  between  them  corresponds  to  that  of  the 
threads  of  the  ecrew.  The  circumference  of  the  brass  head  is  usually 
divided  into  one  hundred  parts,  and  a  screw  with  one  hundred  threads 
to  the  inch  is  iiNed.     The  bacterium  to  be  meiisured  is  brought  into  a  , 


position  in  which  one  edge  appears  to  be  in  rontact  with  the  fixed 
wire,  and  the  micrometer  screw  is  turned  until  the  travelling  wiie 
appears  to  be  in  contact  with  the  other  edge.  The  scale  iu  the 
field  and  the  scale  on  the  milted  head  together  give  the  number  of 
complete  turns  of  the  screw  and  the  vtilue  of  a  fraction  of  a  turn  in 
twparating  the  wires. 

Id  the  micrometer  eye-piece  constructed  by  Zeiss,  the  eye-piece 
with  a  glass  plate  with  crossed  lines  is  carried  across  the  field  l>v 
means  of  a  micrometer  screw  (Fig.  35).  Each  division  on  the  edge 
of  the  drum  corresponds  to  '01  mm.  Complete  revolutions  of  the 
drum  are  counted  by  means  of  a  figured  scale  iu  the  visual  field. 
Another  method  of  measuring  bacteria  will  be  referred  to  iu  the 
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chapter  on  micro-photography.  The  unit  of  measurement  is  one 
thousandth  of  a  millimetre  or  a  micro-milUmeh'e  or  micron,  and  is 
expressed  by  the  Greek  letter  /a. 

CARE   OF  THE   MICROSCOPE. 

After  use  the  objectives,  sub-stage  condenser,  and  eye- piece 
should  be  carefully  wiped  with  soft  linen,  an  old  silk  handkerchief, 
or  chamois  leather,  and  the  microscope  covered  with  a  bell-glass  to 
protect  it  from  dust.  If  a  lens  comes  into  contact  with  Canada 
balHam  it  must  be  very  carefully  wiped  with  a  soft  rag  moistened 
with  alcohol,  and  then  cleaned  with  a  soft  leather.  MicroscopeK 
Hhould  not  be  exposed  to  the  fumes  of  sulphuretted  hydrogen, 
chlorine,  or  volatile  acids. 


CHAPTER    VIII. 

MICROSCOPICAL   EXAMINATION   OF   BACTERIA. 

(a)  Bacteria  in  Liquids,  Cultures,  and  Fresh  Tissues. 

In  conducting  bacteriological  researches  the  importance  of  absolute 
cleanliness  cannot  be  too  strongly  insisted  upon.  All  instru- 
ments, glass  vessels,  slides,  and  cover-glasses  should  be  thoroughly- 
cleansed  before  use.  A  wide- mouthed  glass  jar  should  always  be 
close  at  hand,  containing  refuse  alcohol  for  the  reception  of  re- 
jected ^ide  preparations  or  dirty  cover- glasses.  When  required 
again  for  use,  slides  can  be  easily  wiped  clean  with  a  soft  rag.  Cover- 
glasses  require  further  treatment,  for,  unless  they  are  pei*fectly 
clean,  it  is  difficult  to  avoid  the  presence  of  air  bubbles  when 
mounting  specimens.  They  should  be  left  in  strong  acid  (hydro- 
chloric, sulphuric,  or  nitric)  for  some  houre  ;  they  are  then  washed, 
first  with  water  and  then  with  alcohol,  and  carefully  wiped  with  a 
soft  rag.  The  same  principle  appHes  in  the  preparation  and 
employment  of  culture  media ;  any  laxity  in  the  processes  of 
sterilisation,  or  insufficient  attention  to  minute  technical  details, 
will  surely  be  followed  with  disappointing  results  by  contamination 
of  the  cultures,  resulting  in  the  loss  of  much  time. 

For  the  preparation  of  microscopical  specimens  it  will  be  found 
convenient  to  use  a  platinum  inoculating  needle.  This  consists  of 
two  or  three  inches  of  platinum  wire  fused  into  the  end  of  a  glass 
rod  about  eight  inches  in  length.  Platinum  is  employed  as  it 
rapidly  cools  after  being  raised  to  a  white  heat  in  the  flame  of  a 
Bunsen  burner.  It  is  thus  completely  sterihsed,  and  in  a  few 
moments  is  cool  enough  not  to  destroy  the  bacteria  with  which  it  is 
brought  into  contact. 

Wheiv  using  platinum  needles,  either  for  inoculating  fresh  tubes 
in  carr3ring  on  a  series  of  pure  cultures,  or  in  transferring  a  small 
portion  of  a  cultivation  to  a  cover-glass  for  examination  under  the 
microscope,  the  careful  sterilisation  of   the  needle  by  heiiting  the 
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platinum  wire  till  it  is  white  hot  in  every  part,  and  heating  also 
ji8  much  of  the  glass  rod  as  is  made  to  enter  the  test-tube,  must 
be  ciirried  out  with  scrupulous  care.     Indeed  it  is  a  good  plan  to 
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Fig.  aj.— Ixoculatincj  Needles. 

let  it  become  H.foi'ce  of  hnhit  to  sterilise  the  needle  before  and  after 
use  on  (»very  occasion,  whatever  may  be  the  pur[M)ses  for  which  it 
is  employed. 

Unstained  Bacteria. 

The  bacteria  in  li((uids,  such  as  pus,  blood,  and  culture- fluids,  can 
be  investigated  in  the  unstained  condition  by  transferring  a  dn)p  with 
a  looped  platinum  iieetUo  or  a  capillary  pipette  to  a  slide,  covering 
it  with  a  clean  cover-glass,  and  examining  without  further  treat- 
ment. If  it  is  desirable  to  keep  the  s|HH;imen  under  prolonged 
observation,  a  drop  of  sti»rilised  wat^T  or  salt  solution  must  Iw  run  in 
at  the  margin  of  the  c()ver-ght.ss  to  counteract  the  tendency  to  dry. 

Culturt»s  on  soUd  me<lia  can  ])e  examined  ])y  transferring  a  small 
IM)rtion  with  a  sterilised  necnlle  to  a  dro])  of  sterilised  water  on  a 
slide,  thinning  it  out,  and  covering  with  a  cover-glass  as  already 
descrilied. 

Tissues  in  the  fresh  state  may  be  teased  out  with  needle^*  in 
sterilised  salt  solution,  and  j)ressed  out  into  a  sufficiently  thin  layer 
l^etween  the  slide  and  cover-glass,  (ilycerine  may  in  many  rases 
Ih'  substitut<»il  for  salt  solution,  aspecially  for  the  examination  of 
micro-organisms  such  as  Actinomyces  and  mouhl  fungi. 

There  is,  as  a  rule,  no  difficulty  in  rc^cognising  the  larger  micro- 
organisms such  as  those  just  mentiontnl ;  but  when  we  have  to 
deal  with  very  small  bacilli  and  micrococci,  they  may  jKJssibly  lie 
mistaken  for  granular  detritus  or  fat-crystals,  or  rtcc  mrsa.  They 
are  clistinguished  by  the  fact  that  fatty  and  albuminous  granules 
are  altered  or  dispersed  by  acetic  acid,  and  changed  by  solution 
of  i)otash;    alcohol,  chloroform,  and  ether  dissolve  out  fat-crystals 
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or  fatty  particles ;  on  the  other  hand,  micro-organisms  remain 
unaffected  by  these  reagents.  Baumgarten  demonstrated  tubercle 
bacilli  in  sections  by  treating  them  with  potash,  which  claiified 
the  tissues  and  brought  the  bacilli  clearly  into  \dew.  Actinomyces 
and  other  vegetable  structures  will  not  disappear  when  sections  are 
immersed  in  weak  hydrochloric  acid  and  mounted  in  glycerine. 

In  examining  unstained  bacteria,  it  is  necessary,  in  order  to 
obtain  the  structure  pictui*e,  that  the  light  entering  the  microscope 
should  be  reduced  by  employing  a  small  diaphragm,  and  the  sub-stage 
condenser  carefully  centred  and  focussed.  To  focus  an  unstained 
specimen  in  which  only  bacteria  are  present,  is  often  difficult.  Tho 
slide  may  be  gently  i*aised  towards  the  objective,  and  the  stage 
may  be  constructed  to  enable  this  to  be  done  with  the  index  finger 
(Fig.  16).  If  on  tilting  the  slide  the  organisms  come  into  focus  it 
will  serve  as  a  guide  in  working  the  fine  adjustment.  Another  plan 
when  bacteria  are  examined  in  water,  is  to  look  for  an  air- bubble, 
and  then  to  focus  its  edge  until  the  bacteria  appear  in  view. 

The  simple  method  of  covering  the  liquid  with  a  cover-glass  will 
not  answer  for  a  prolonged  examination,  as  the  liquid  evaporates  and 
the  specimen  dries  up.  To  keep  liWng  bacteria  under  observation 
for  any  length  of  time,  in  order  to  study  their  movements  or  spore- 
formation,  a  special  siide  must  be  employeti  (p.  120). 

Stained  Bacteria. 

Weigert  fii-st  pointed  out  the  value  of  the  aniline  dyes  for 
staining  bacteria,  and  we  are  principally  indebted  to  Koch,  Ehrlich, 
Gram,  and  Lodler  for  many  valuable  processes. 

The  staining  of  fresh  preparations,  especially  those  with  no 
coagulable  albumen  to  fix  them,  may  be  carried  out  by  the  method 
of  Ilis.  A  slide  is  prepared  as  already  described  for  the  exami- 
nation of  micro-organisms  in  the  fresh  state.  The  reagents  are 
then  applied  by  placing  them  with  a  pipette  drop  by  drop  at 
one  margin  of  the  cover-glass,  and  causing  them  to  flow  through 
the  preparation  by  means  of  a  strip  of  filter-paper  placed  at  the 
opposite  margin. 

Bab^  recommends  another  rapid  means  of  examining  cultivations. 
A  little  of  the  growth,  removed  by  means  of  a  sterilised  platinum 
hook  or  small  loop,  is  spread  out  on  a  cover-glass  into  as  thin  a 
film  as  possible  :  when  almost  dry,  a  drop  or  two  of  a  weak  aqueous 
solution  of  methyl  violet  is  allowed  to  fall  from  a  pi[>ette  upon  the 
film.     The  cover-glass  with  the  drop  of  stain  is,   after  a  minute, 
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carefully  turned  over  on  to  a  slide,  and  the  excess  of  stain  gently 
and  gradually  removed  by  pressure  with  a  strip  of  filter-paper. 
This  affords  a  rapid  means  of  demonstration — for  example,  of  a 
cultivation  of  Koch's  comma  bacilli  in  nutrient  gelatine — enabling 
the  microbes  to  be  seen  in  some  parts  of  the  preparation  both 
stained  and  in  active  movement. 

Cover-glass  Preparations. 

Bacteria  may  be  spread  out  into  a  thin  layer  on  a  cover-glass, 
and  then  treated  with  a  dye,  or  sections  of  tissues  containing  bacteria 
can  be  stained  and  then  mounted  in  the  usual  way. 

The  method  of  making  a  cover-glass  preparation  is  one  which  is 
very  commonly  employed.  In  addition  to  its  value  as  a  means  of 
examining  bacteria  in  liquids  and  solid  culture  media,  it  affords 
the  additional  advantage  of  enabling,  if  necessary,  a  large  number 
of  preparations  to  be  made,  which,  when  dried,  can  be  preserved, 
stained  or  unstained,  in  ordinary  cover-glass  boxes;  they  are 
then  in  a  convenient  form  for  transport,  and  can  be  mounted 
permanently  at  leisure. 

The  method  is  as  follows  :   A  cover-glass  is  smeared  with   the 

cut  surface  of  an  organ  or  pathological  growth,  or  with  sputum  ; 

or  a  drop  of  blood,  pus,  or  culture- fluid  is   conveyed  to  it  with  a 

looped  platinum  needle.     It  is  absolutely  necessary  to  spread  out 

the   micro-organisms   into   a   sufficiently   thin    layer,    so   that   the 

individual  bacteria  may  be  as  much  as  possible  in  the  same  plane, 

otherwise   some  in  the   field   will   be  in   focus   and   others   out   of 

focus,  and  it  would  be  impossible  to  obtain  a  satisfactory  photograph 

of  such  a  specimen.     To  overcome  this  it  will  be  necessary,  in  the 

case   of  cultures  on  solid  media,  to  diffuse  the  bacteria  in  a  little 

sterilised  water ;  and  even  cultures  in  liquids  may  sometimes  with 

advantage   be   diluted   in    the   same   way.     By  means   of   another 

cover-glass  the  juice  or  fluid  is  squeezed  out  between  them  into  a 

thin  layer,  and  on  sUding  them  apart  each  cover-glass  bears  on  one 

side  a   thin  film  of  the  material  to  be  examined ;   or  a  culture  is 

spread  out  into  a  thin  film  by  means  of  a  hooked  platinum  needle. 

The  cover-glass  is  then  placed  with  the  prepared  side  upwards,  and 

allowed  to  dry.     After  a  few  minutes,  it  is  taken  up  with  a  pair  of 

flat-bladed  or  spring  forceps,  with  the  prepared  side  uppermost,  and 

passed   rapidly   from    above  downwards   three   times   through    the 

flame  of  a  spirit  lamp  or  Bunsen  burner.     Two  or  three  drops  of 

an  aqueous  solution  of  fuchsine  or  methyl  violet  will  be  sufficient  to 

cover  the  film,  and  after  a  minute  or  two  the  surplus  stain  is  washed 
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off  with  distilled  water  by  means  of  a  siphon  apparatus  or  a  wash- 
bottle.  The  cover-glass  may  be  allowed  to  dry,  and  then  mounted 
in  Canada  balsam,  or  it  may,  while  still  wet,  be  turned  over  on  to  a 
slide,  the  excess  of  water  removed  with  filter-paper,  and  the  exposed 
surface  wiped  dry.  It  may  first  be  examined  with  a  power  of  about 
250  diams. ;  and  if  a  high  magnification  is  required,  which  is  usually 
the  case,  a  droplet  of  cedar  oil  is  placed  on  the  cover-glass,  and  the 
specimen  examined  with  an  immersion  lens. 

If  the  specimen  is  to  be  made  permanent,  fix  the  cover-glass  at 
one  comer  with  the  thumb,  and  with  a  soft  rag  carefully  wipe  off 
the  cedar  oil ;  then  float  off  the  cover-glass  by  running  in  distilled 
water  at  its  margin,  and  having  made  a  little  ledge  with  a  strip  of 
filter-paper,  place  the  cover-glass  up  against  it  upon  one  of  its 
edges  and  leave  it  to  dry.  When  perfectly  dry  mount  in  Canada 
balsam,  or  put  it  away  in  a  cover-glass  box  provided  with  a  label  of 
contents. 

In  many  cases  it  is  necessary  or  preferable  to  apply  the  stain 
for  a  much  longer  period.  This  may  best  be  effected  by  pouring 
some  of  the  staining  solution  into  a  watch-glass,  and  allowing  the 
cover-glasses  to  swim  on  the  surface,  with  their  prepared  side,  of 
course,  downwards.  Throughout  all  these  manipulations  it  is 
necessary  to  bear  in  mind  which  is  the  prepared  surface  of  the 
cover-glasa 

Instead  of  using  the  watery  solutions  of  the  aniline  dyes  the 
author  prefers  in  many  cases  to  use  stronger  solutions,  and  to  reduce 
the  staining  by  a  momentary  immersion  in  alcohol.  Very  beautiful 
preparations  of  streptococci,  sarcinse  and  other  bacteria  can  be 
obtained  by  this  method,  which  is  as  follows  :  Cover-glass  prepara- 
tions are  stained  with  carbolised  fuchsine  (Neelsen's  solution)  for 
about  two  minutes,  rinsed  in  alcohol  for  a  few  seconds,  quickly 
washed'  in  water,  and  either  examined  in  water  or  dried  and 
mounted  in  the  usual  way.  The  extent  of  decolorisation  is  a 
matter  of  practice  :  a  momentary  immersion  in  alcohol  is  sometimes 
sufficient ;  too  long  immersion  will  remove  too  much  of  the  colour ; 
too  short  immersion  will  leave  the  delicate  outlines  indistinct.  This 
method  is  especially  valuable  for  sarcinse  and  streptococci,  the 
divisions  between  the  elements  being  sharply  defined,  and  as  any 
albuminous  particles  or  dibris  in  the  preparation  are  decolorised, 
much  cleaner  and  sharper  preparations  are  obtained  than  with  the 
watery  solutions.  Loffler^s  and  other  concentrated  solutions  may 
also  be  used,  but  Keelsen's  solution  may  be  regarded  as  the  standard 
one  for  this  method. 
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Aniline  oil,  carbolic  add,  and  some  other  chemicals,  when  added 
to  the  aniline  dyes,  have  the  property  of  acting  in  the  manner 
of  mordants,  in  some  way  fixing  the  colour  in  the  bacteria,  so  that 
they  are  not  so  readily  acted  upon  by  decolorising  agents. 

Lbffler'a  SoliUion, — Potash  intensifies  the  staining  power,  and 
Koch  and  L5ffler  have  both  used  it  with  methylene  blue.  Lofiier's 
solution  consists  of  30  grammes  of  methylene  blue  in  100  grammes 
of  1  in  10,000  solution  of  potash.  It  may  be  used  with  advantage 
for  almost  all  kinds  of  bacteria. 

Gram's  Method. — With  a  solution  of  gentian -violet  the  whole 
film  on  the  cover-glass  is  at  first  stained  violet.  By  immersing  the 
cover-glass  in  a  solution  of  iodine  in  iodide  of  potassium  the  stain 
is  fixe<i  in  the  liacilli,  but  not  in  any  debris ^  pus  colls,  or  tissue 
elements  present  in  the  film.  Conse(iuently  by  transferring  the 
oover-glasH  to  alcohol  the  bacilli  alone  remain  stained,  the  violet 
colour  being  merely  changed  to  blue.  By  employing  a  contrast 
colour,  such  as  eosin,  a  double  sttiining  is  obtained.  In  some 
bacteria  the  sheath  is  by  this  moUuKl  differentiated  from  the 
protoplasmic  contents. 

The  sto<*k  solution  of  gentian- violet  is  prepared  by  shaking  up 
1  cc.  of  pure  aniline  with  twenty  paints  of  distilled  water,  and 
filtering  the  emulsion.  Half  a  gramme  of  the  best  finely  |K)wdered 
gentian- violet  is  cUssolved  in  the  clear  filtnite,  and  the  solution  filtered 
before  use. 

The  details  of  the  method  will  now  he  described.  In  the  first 
place,  it  is  much  better  to  employ  the  aniline-gen titni- violet  solution 
quite  freshly  prepared,  and  the  following  useful  method  is  invariably 
used  by  the  author :  Place  four  or  five  drops  of  pure  aniline  in 
a  test-tul)e,  fill  it  thi'ee-(juartei's  full  with  distilled  water,  close  the 
mouth  of  the  tube  with  the  tlnini]>,  and  shake  it  up  thoroughly. 
Filter  the  emulsion  twice,  and  i)our  the  filtrate  into  a  watch-glass 
or  glass  capsule.  To  the  perfectly  clear  aniline  water  thus  obtained 
add  drop  by  dro^)  a  concentrated  alcoholic  solution  of  gentian- violet 
till  precipitation  commences.  Cover-glasses  must  be  left  in  this 
solution  about  ten  minutes,  transferred  to  iodine-potassic-iodide 
solution  until  in  itwo  or  three  minutes  the  film  becomes  uniformly 
brown,  and  then  rinsed  in  alcohol.  The  prwess  of  decolorisation  may 
be  hastened  by  dipping  the  cover-glass  in  clove-oil  and  returning  it 
again  to  alcohol.  The  cover-glass  is  once  more  immersed  in  clove-oil, 
then  dried  by  gently  pressing  between  two  layers  of  filter- pa  per, 
and  finally  mounted  in  Canada  balsam. 
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Double  Staining  of  Cover-glass  Preparations. 

To  double  stain  cover-glass  preparations  they  can  be  treated  by 
Ehrlich's  method  for  staining  tubercular  sputum,  or  by  Neelsen's 
modification,  or  by  staining  with  eosin  after  treatment  by  the 
method  of  Gram. 

Blirlich's  method  is  as  follows :  Five  parts  of  aniline  oil  are 
shaken  up  with  one  hundred  parts  of  distilled  water,  and  the 
emulsion  filtered  through  moistened  filter-paper.  A  saturated 
alcoholic  solution  of  fuchsine,  methyl- violet,  or  gentian -violet,  is 
added  to  the  filtrate  in  a  watch-glass,  drop  by  drop,  until  precipitation 
commences.  Weigert  recommended  that  exactly  eleven  pai-ts  of  the 
dye  should  be  used  to  one  hundred  parts  of  the  aniline  solution. 

Cover-glass  preparations  are  floated  in  this  mixture  for  fifteen 
minutes  to  half  an  hour,  then  washed  for  a  few  seconds  in  dilute 
nitric  acid  (one  pai*t  nitric  acid  to  two  of  water),  and  then  rinsed 
in  distilled  water.  The  stain  is  removed  from  everything  except 
the  bacilli;  but  the  ground  substance  can  be  after-stained  brown 
if  the  bacilli  are  violet,  or  blue  if  they  have  been  stained  red. 

Xeelsen^a  Solution  aiid  Methylene  Bliie. — Ziehl  suggested  the  use  of 
carbolic  acid  as  a  substitute  for  aniline  oil,  and  Neelsen  recommended 
a  solution  composed  of  100  cc.  of  a  5  per  cent,  watery  solution 
of  carbolic  acid,  10  oc.  of  absolute  alcohol,  and  1  gramme  of 
fuchsine.  This  stain  is  commonly  known  as  the  Neelsen  or  Ziehl - 
Neelsen  solution.  Cover-glass  preparations  are  floated  on  the  hot 
dye  for  two  minutes,  they  are  then  rinsed  in  dilute  sulphuric  acid 
25  per  cent.,  washed  in  water,  immersed  in  watery  solution  of 
methylene  blue  for  three  minutes,  again  washed  in  water,  dried, 
and  mounted  in  balsam. 

0ram*8  Solution  and\Eo8in. — Double  staining  of  cover-glasses  can 
be  obtained  by  combining  Gram's  method  with  eosin.  The  method 
is  very  useful  for  differentiating  the  sheath  of  Streptococcus 
pyogenes  and  Bacillus  anthracis,  from  the  protoplasmic  contents, 
and  for  staining  preparations  of  pneumonic  sputum,  or  of  micrococci 
and  other  micro-organisms  in  pus.  After  decolorising  the  prei)jira- 
tion  in  alcohol,  the  cover-glass  is  transferred  to  a  weak  solution 
of  eosin  for  two  or  three  minutes,  then  washed  again  in  alcohol, 
immersed  in  clove-oil,  dried  between  filter-paper,  and  mounted  iu 
balsam. 

Staining  op  Spores. 

A  slight  modification  of  the  ordinary  process  employed  in  making 
cover-glass  preparations  has  to  be  adopted  to  stain  the  spores  of 
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bacilli.  Under  ordinary  circumstances  the  stain  will  not  penetrate 
the  sheath,  but  if  it  can  be  made  to  penetrate,  it  is  not  readily 
removed.  The  cover-glass  preparation  must  be  heated  to  a  tem- 
perature of  210°  C.  I  for  half  an  hour,  or  passed  as  many  as  twelve 
times  through  the  flame  of  a  Bunsen  burner,  or  exposed  to  the 
action  of  strong  sulphuric  acid  for  several  seconds,  and  then  a  few 
drops  of  a  watery  solution,  of  an  aniline  dye  may  be  applied  in  the 
usual  way. 

To  double  stain  spoi*e- bearing  bacilli  the  cover-glass  preparations 
may  be  floated,  for  from  twenty  minutes  to  an  hour,  on  Ehrlich's 
fuchsine-aniline-water,  or  on  the  Ziehl-Neelsen  solution.  The  stain 
must  be  heated — by  preference  in  a  capsule  placed  in  a  sand-bath — 
until  steam  rises.  The  fuchsine  is  removed  from  the  bacilli  by 
rinsing  in  water  and  washing  in  weak  hydrochloric  acid,  and  then 
the  preparations  are  washed  again  in  water,  and  floated  for  a  few 
minutes  on  a  watery  solution  of  methylene  blue.  They  are  again 
rinsed  in  water,  dried,  and  mounted.  Neisser's  decolorising  solution 
consists  of  25  parts  of  hydrochloric  acid  to  75  parts  of  alcohol. 

Staining  of  Flagella. 

Koch  first  stained  flagella  by  floating  the  cover-glasses  on  a 
watery  solution  of  ha^matoxylin.  From  this  they  were  transferred 
to  a  5  per  cent,  solution  of  chromic  acid,  or  to  M tiller's  fluid,  by 
which  the  flagella  obtain  a  brownish-black  coloration.  The  author 
succeeded  in  demonstrating  and  photographing  flagella  in  prepara- 
tions stained  with  a  saturated  solution  of  gentian  violet  in  absolute 
alcohol ;  but  these  methods  are  now  superseded  owing  to  the  much 
more  satisfactory  method  introduced  by  Lofller. 

LOffler's  method  depends  upon  the  employment  of  a  mordant. 
Lciffler  tried  tannate  of  in)n,  and  after  a  number  of  expenments 
the  following  method  was  introduced.  An  aqueous  solution  of 
ferrous  sulphate  is  added  to  an  aciueous  solution  of  tannin  (20  per 
cent.),  until  the  mixture  turns  a  violet-bhick  colour,  then  3  or  4  cc. 
of  a  1  in  8  aqueous  solution  of  logwood  are  added.  Tliis  constitutes 
the  mordant,  and  a  few  drops  of  carbolic  acid  may  be  added,  and  the 
solution  kept  in  well-stoppered  lx)ttles.  The  dye  consists  of  1  cc.  of 
a  1  per  cent,  solution  of  caustic-soda,  added  to  100  cc.  of  aniline 
water,  in  which  4  or  5  grammes  of  either  methyl  violet,  methylene  blue, 
or  fuchsine,  are  dissolved.  A  cover-glass  preparation  is  made  in 
the  ordinary  way,  the  bacteria  l)eing  diffused  in  water,  and  then 
spread  out  in  a  very  thin  film.  After  drying  and  very  carefully 
fixing,   the   film  is  covered  with  the  mordant,  and  the  cover-glass 
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held  over  the  flame  until  steam  rises.  The  mordant  is  then  washed 
off  with  distilled  water,  and  all  traces  removed  from  the  edge  of 
the  cover-glass  with  alcohol.  The  stain  is  Altered,  and  a  few  drops 
allowed  to  fall  on  the  film,  and  after  a  few  minutes  the  cover- glass 
is  again  very  carefully  warmed  until  steam  rises.  The  stain  is  then 
washed  off  with  distilled  water,  and  is  ready  to  he  examined  and 
suhflequently  mounted.  For  some  bacteria  it  is  necessary  to  modify 
the  solutions,  either  by  the  addition  of  acetic  or  sulphuric  acid,  or 
by  varying  the  quantity  of  soda  solution. 

Trenkmann  introduced  a  modification  of  Loffler's  system.  Cover- 
glasses  are  floated  for  from  two  to  twelve  hours  on  a  ^ohition 
consisting  of  1  per  cent,  tannin  and  ^  per  cent,  hydrochloric  acid. 
After  washing  in  water  the  preparation  is  stained  with  a  saturated 
alcoholic  solution  of  any  of  the  aniline  dyes  diluted  in  the  propor- 
tion of  2  drops  of  the  dye  to  20  of  water.  The  cover-glasses 
which  remain  in  the  solution  for  from  two  to  four  houi*s  are  then 
washed  in  water,  and  examined.  The  best  results  are  obtained  with 
carbolised  fuchsine,  diluted  in  the  proportion  of  2  drops  to  20  drops 
of  1  per  cent,  carbolic.  Trenkmann  also  recommended  the  use  of 
catechu  and  logwood  as  mordants,  with  the  addition  of  very  dilute 
acid,  and  subsequent  staining  with  fuchsine. 

Lutesch  suggested  the  use  of  ferric  acetate.  To  avoid  any 
deposit  on  the  surface  of  the  preparation,  freshly  prepared  saturated 
ferric  acetate  is  used,  and  5  to  10  drops  of  acetic  acid  are  added  to 
16  cc.  of  the  mordant.  After  warming  the  solution  the  preparation 
is  washed  in  water,  followed  by  20  per  cent,  acetic  acid,  again 
thoroughly  washed,  and  then  stained  with  hot  solution  of  fuchsine  or 
gentian- violet  in  aniline  water. 

Van  Ermengem  used  a  mordant .  composed  of  1  part  of 
2  per  cent,  solution  of  osmic  acid,  2  parts  of  10  to  25  per  cent, 
solution  of  tannin,  with  to  every  100  cc.  of  this  mixture  4  or  5  drops 
of  acetic  acid.  A  black  ink  is  thus  formed,  and  the  solution  is 
aj^lied  for  from  five  to  thirty  minutes.  After  washing  in  water  and 
alcohol  the  cover-glasses  are  placed  in  a  solution  of  nitrate  of  silver 
and  transferred  to  another  solution  composed  of  5  grammes  of  gallic 
acid,  3  grammes  of  tannin,  10  grammes  of  acetate  of  soda,  and  330 
grammes  of  distilled  water.  In  a  few  moments  they  are  again  placed 
in  nitrate  of  silver,  and  then  washed  and  mounted  in  balsam. 

Sclavo's  method  answers  well  for  certain  micro-organisms.  The 
preparations  are  left  for  one  minute  in  solution  of  tannin,  washed  in 
distilled  water,  transferred  for  a  minute  to  50  per  cent,  phospho- 
molybdic  add,  again  washed  and  stained  from  three  to  five  minutes 
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in  hot  Haturated  solution  of  fuchsine  in  aniline  water,  washed  in  water, 
dried  on  filter  paper,  and  mounted  in  balsam.  The  tannin  solution 
oonsiHts  of  1  part  of  tannin  to  100  cc.  of  50  per  cent,  alcohol. 

Nicolle  and  Morax  also,  have  modified  L5ffler's  method.  Per- 
fectly clean  cover-glasses  are  used,  and  the  film  is  dried  without 
fixing  in  the  flame.  Cover-glasses  are  covered  with  the  mordant, 
and  heated  for  alx)ut  ten  seconds,  and  when  steam  rises  the  mordant 
is  shaken  ofT  and  the  film  rinsed  with  water.  The  same  process  is 
repeated  three  or  four  times,  and  finally  the  cover-glass  is  stained 
with  Neelsen's  solution,  holding  it  over  the  fiame  once  or  twice 
for  a  quarter  of  a  minute  ;  it  is  then  washed  and  examined. 

Bunge  prefers  as  a  mordant  a  mixture  of  ac^ueous  solution  of 
tannin  with  1  in  20  a(|ueous  solution  of  sesquichloride  of  iron  in  the 
proportion  of  3  parts  of  the  tannin  solution,    1    part  of  the  iron 
solution,  with  the  addition  of  1  cc.  of  a  saturated  watery  solution  of 
fuchsine  added  to  10  cc.  of  the  mixture.     The  mordant  is  kept  before 
use,  and  applie<l  for  ^ve  minutes.    The  preparation  is  then  wnshed  and 
stained  with  Neelsen  s  solution.     In  another  plan  the  cover-glasses 
are  immerse<i  for  one  half  to  one  minute  in  5  i)er  cent,  solution  of 
acetic  acid,  washed  and  dried.     The  mordant  is  then  applied  three  or 
four  times,  and  the  cover -glasses  wjvshed,  dried,  and  then  stained  with 
gentian- violet,  dipped  in  1  jier  cent,  acetic  acid,  washed,  dried,  and 
mounted.     Peroxide  of   hydrogen  may  be   added  to   the   mordant, 
drop  by  drop;    it  becomes   reddish-brown  in  colour,  and  must  be 
shaken  up  and  filtered  Iwfore  use.     Cover-glasses  are  exposeil  to  its 
acttion   for    about   a    minute,    and   Neelsen's   solution   is    used   for 
staining. 

Hcssert  dispensas  with  the  mordant.  The  film  is  fixed  by 
treating  cover-glasses  with  a  saturated  alcoholic  solution  of  corrosive 
sublimate.  After  washing,  the  cover-glass  is  stjiined  for  thirty  to 
forty  minutes  in  a  hot  dye,  by  preference  a  10  j)er  cent,  watery 
solution  of  witurated  alcoholic  solution  of  fuclisine. 

Cover-glass  Impressions. 

One  of  the  most  instruc^tive  methods  for  examining  micro- 
organisms is  to  make  an  hnpreaaiim-prejxiration.  This  enables  us, 
in  many  cases,  to  study  the  relative  jxxsition  of  individual  micro- 
organisms one  to  another  in  their  growth  on  solid  cultivating  media, 
and  in  some  cases  produces  the  mtxst  excpiisite  preparations  for  the 
microscojKJ.  A  i)erfectly  clean,  usually  small -sized,  cover-glass  is 
carefully  dei)osited  on  a  plate-cultivati(m,  and  gently  and  evenly 
pressed  down.     One  edge  is  then  carefully  levered  up,  with  a  needle, 
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an.i  the  cover-glass  lifted  off  by  means  of  forceps.  It  is  then 
allowed  to  dry,  passed  through  the  flame  three  times,  and  stained 
as  already  described.  In  some  cases  of  plate-cultures,  aspecially 
where  no  liquefaction  has  taken  place,  the  gi'owth  is  bodily  trans- 
ferred to  the  cover-glass,  and  a  vacant  areii  left  on  the  gelatine 
or  agar-agar,  corresponding  exactly  with  the  form  and  size  of  the 
cover-glass  employed. 

Preservation  op  Preparations. 

After  examining  a  cover-glass  preparation  with  an  oil  immersion 
objective  the  cedar  oil  must  be  carefully  wiped  off,  and  the  slide 
set  aside  for  the  Canada  balsam  to  set.  At  a  convenient  time  all 
preparations  should  be  sealed  with  a  ring  of  Hollis'  glue ;  the 
cedar  oil  used  at  subsequent  examinations  of  the  specimen  will 
not  be  able  to  work  its  way  under  the  cover-ghuss,  and  pi-event 
the  balsam  from  hardening.  When  it  Ls  ringed  cedar  oil  can  be 
rea^lily  wiped  off,  and  the  specimen  cleaneil  without  danger  of 
moving  the  cover-glass  and  injuring  the  preparation. 

(b)  Bacteria  in  Sections  of  Tissues. 

Methods  of  Harde^ivng  aiid  Dtcalcifyhig  Tissues. — To  harden  small 
o^gan^•,  such  as  the  viscera  of  a  mouse,  they  should  be  placed  on 
a  piece  of  filter-paper  at  the  bottom  of  a  small  wide-mouthed  glass 
jar,  and  covered  with  about  twenty  times  their  volume  of  absolute 
alcohol.  Larger  organs,  pathological  growths,  etc.,  are  treated  in 
the  same  way,  but  must  first  be  cut  into  small  pieces,  or  cubes, 
varying  from  a  quarter  of  an  inch  to  an  inch  in  size.  Miiller's 
fluid  may  also  be  employed,  and  methylated  spirit  may  be  sub- 
stituted for  alcohol,  from  motives  of  economy.  Tissues  hardeued  in 
absolute  alcohol  are  ready  for  cutting  in  two  or  three  days,  and 
those  hardened  in  Miiller's  fluid  in  as  manv  weeks. 

Teeth,  or  osseous  structures,  must  first  l>e  placed  in  a  decalcifying 
solution,  such  as  Kleinenberg's.  When  sutticiently  softened,  they 
are  allowed  to  soak  in  water,  to  wash  out  the  picric  acid,  and  then 
transferred  through  weak  spirit  to  absolute  alcohol.  Ebnor's  solu- 
tion also  gives  excellent  results,  especially  when  the  structures  to 
be  decalcified  are  placed  in  fresh  solution  from  time  to  time. 

Methods  of  Embedding,  Fixing,  and  Cutting. — The  author 
finds  that  freezing  with  ether  combineil  with  the  method  of  em- 
bedding in  ceUoidin  gives  excellent  results.  The  pieces  of  tissue 
to  be  embedded  are  placed,  after  the  process  of  hardening  Ls  com- 
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pletad,  in  a  mixture  of  ether  a,ui\  ulcohot  (or  ao  hour  or  moi'i>. 
They  itre  theo  trnnsferred  lo  a  ^lolutiou  of  Milloidiii  iii  eqiiul  pftrts 
of  ether  aud  alcohol,  uni]  left  there,  usually  for  several  liotira. 

The  piece  of  tiesiie  is  theu  placed  in  a  glass  capsule,  aud  koii)« 
of  the  celloidin  sulutiou  poured  ovui-  it.     The  oitpsulu  cau  be  pl&i:«<l 


RIy  in  60  to  80  per  cent,  ulculiol,  nud  left  until  the  following 
□loriung.  The  celloidin  will  then  ho  uf  tlit?  consinlency  of  w»)c. 
The  piece  of  tiwtue  i^  next  cut  nut,  and  iLft«r  triniiuuig  oS  nuxwrfluons 
eelluidiu  is  put  in  wal«r  until  it  sinks.  It  is  then  truusti'iiinl  t» 
gaxn,  and  froi«ii  and  cut  with  a  freezing  microtome. 

For  cutting  with  Jung's  microtome,  the  tissuew  tii-i'  ■■iiilx-iiileil 
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in  poraffine  ur  celloidin,  and  mounted  od  cork ;  or,  if  firm  enough, 
they  may  hit  tixied  upon  cork  without  any  embedding  material  at 
nil.  Paraffin©,  diasolvisd  in  chloroform,  will  be  found  very  service- 
able ns  uu  i>nil>ediUng  uiat«rial. 

Corks  reiidy  cut  for  the  clamp  of  the  mitrrotome  are  smeared 
over  with  the  solution  of  celloidin.  This  can  be  applifid  with  a 
glass  roil  to  the  surface  which  is  to  receive  the  piece  of  tiaaue. 
The  corkK  are  then  set  a^de  for  the  film  of  celloidin  to  huixlen. 
In  the  c.tse  of  lung,  or  degenerated  bniken-down  tissue,  the 
spedmea  should  be  left  for  a  much  longer  time  than  in  found  td 
be  suflici'iit  for  firmer  structures.  When  ready,  it  Ib  removed 
L  the  celloidin  snlution  with  foitejia  and  placed  upon  the  pre- 


pared cork.  Enough  of  the  solution,  which  is  of  syrupy  cansiHl«nce, 
IB  ■illuvced  to  fall  on  the  piece  of  tissue  to  cover  it  completely,  and 
the  mounted  spedmen  is  pluc«<l  in  the  alcohol  to  harden.  The 
specimen  will  be  ready  for  cutting  next  iliiy. 

"Hie  Rjiecimen  may  be  more  neatly  emljoilded  by  fixing  it  with 
a  pin  in  a  small  paper  triiy,  pouriug  the  celloidin  solution  over  it, 
and  then  placing  the  tray  in  alcohol  to  harden  the  celloidin.  The 
emhedderl  spe^-imen  is  then  fixed  on  a  cork,  which  has  been  cut  foi" 
the  clamp  of  the  microtome.  The  celloidin  in  the  section  disappears 
in  the  process  of  clearing  with  clove-oil. 

In  the  case  of  spei-imens  eniboilded  in  celloiilin,  or  mounted 
ilirertly  ou  u  cork,  the  tissue,  as  well  as  the  bluile  of  the  knife,  should 
be  k<*]it  coni^tantly  Imthed  with  alcohol,  and  the  Kectionw  transferred 
from  the  blade  with  a  camel's-hair  brush,  and  floated  in  alcohol. 
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For  fixing  directly  on  cork,  Hmall  organs  and  pieces  of  firm  tissue 
Micli  as  the  kidneys  of  a  mouse,  or  liver,  we  may  employ  gelatine  or 
glycerine  gelatine,  licjuefied  over  a  Bunsen  burner  in  a  iwrcelain 
capsule.  Glycerine  gelatine  may  he  used  with  advantage  for  fixing 
irreguliir  pieces  of  tissue,  as  it  <loes  not  l)ecome  of  a  consistency 
that  would  injure  the  e<lge  of  the  knife.  The  cork,  with  s|»ecimen 
afiixed,  is  placed  in  alcohol,  and  is  ready  for  cutting  sei*tions  next 
day. 

Material  infiltrated  with  paraffine  must  be  cut  i)erfectly  diy, 
and  the  sections  prevented  from  rolling  up  by  gentle  manipidation 
with  a  camel's-hair  brush.  Tliey  must  then  be  picked  off  the  blade 
of  the  knife  witii  a  clean  needle,  and  drop{)ed  into  a  watch-glass 
containing  xylol.  This  dissolves  out  the  parafiine.  Tlie  sections  are 
then  transferrwl  to  alcohol  to  get  rid  of  the  xylol,  and  then  to  the 
staining  solution. 

Sta'niin4j  Jiacteria  in  Tiasne  Sections. — Sections  of  fresh  tissues 
made  with  the  freezing  microtome  are  to  be  floated  in  '8  per  cent, 
salt  solution,  and  then  ci^i-efuUy  transfen*ed,  well  spread  out  (m  a 
platinum  lifter,  to  a  watch-glass  c<mtaining  absolute  alcohol.  Simi- 
larly, sections  selected  from  those  cut  with  Jung's  microtome  may 
be  transferred  from  the  spirit  to  absolute  alcohol.  The  sec'tions 
may  l)e  then  stained  by  any  of  the  nieth<Kls  to  lie  dascrilxMl. 

It  is  often  advisable  t^»  employ  some  inetlKnl  which  will  enable 
one  to  study  the  structure  of  the  tissue  itself ;  and  si»ctions,  however 
stained,  should  always  be  first  examined  with  low  powers,  to  enable 

• 

one  to  recognise  the  tisstu^  under  examination,  and  U^  examine  in 
many  casc\s  tlui  topographical  (listribution  of  masses  of  bacteria. 
VV'ith  a  power  of  about  250  diams.  (()n(»-sixth),  v(»rv  many  bacteria 
can  be  distinguisluMl ;  and  with  the  oil  immersion  leiis(»s  the  minutest 
bacilli  and  micrococci  can  be  reoognise<l,  and  the  exact  form  of 
individual  bact<iria  accurately  determined.  As  mcist  g(Kxl  modem 
instruments  are  provi<led  with  a  triple  nose-piece,  there  is  no  loss 
of  time  in  examining  a  preparation  successivt^ly  with  these  different 
powers. 

Weigert's  Method. — A  very  useful  metho<l  for  staining  lioth 
the  tissue  and  the  bacteria  is  as  follows :  Place  the  sectiims  for 
from  six  to  eighteen  hours  in  a  1  per  c(»nt.  watery  solution  of  any  of 
the  basic  aniline  dyes  (mt>thyl  violet,  gentian  violet,  fuclisine,  Bis- 
marck brown).  To  hasten  the  process,  place  the  cjipsule  containing 
the  solution  in  the  incubator,  or  heat  it  to  45°  (_-.  A  stronger 
solution  may  also  Ik?  (»mploye<l,  in  which  Ciis(»  the  sections  are  far 
more  rapidly  stained,  and  are  easily  over-staine<l.     In  the  latt(*r  case 
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thev  must  be  treated  with  a  half -saturated  solution  of  carlx)nate  of 
potash.  In  either  case  the  sections  are  next  washed  with  distilled 
water,  and  passed  through  60  per  cent,  alcohol  into  absolute  alcohol. 
When  almost  decolorised,  spread  out  the  section  carefully  on  a, 
platinum  lifter  and  transfer  it  to  clove-oil,  or  stain  with  picro-carmine 
solution  (Weigert's)  for  half  an  hour,  wash  in  water,  alcohol,  and 
then  treat  vdth  clove-oil.  After  the  final  treatment  with  clove-oil, 
transfer  with  the  platinum  Hfter  to  a  clean  glass  sli<le.  Dry  the 
preparation  by  pressure  with  a  piece  of  filter-paper  folde^l  several 
times,  and  preserve  in  Canada  balsam,  dissolved  in  xylol. 

Gram's  Method. — In  the  method  of  Gram  sections  are  stained 
for  ten  minutes  in  a  capsule  containing  aniline-gentian-\iolet  solution. 
Great  care  must  be  taken  not  to  injure  the  sections.  If  there  is 
any  difficulty  in  finding  them,  it  is  best  to  carefully  pour  off  the 
stain  and  fill  up  the  capsule  with  water.  The  sections  are  then  readily 
visible,  and  can  be  taken  up  on  the  end  of  a  glass  nxl  and  placed 
in  the  iodine  and  iodide  of  potassium  solution,  where  they  remain  for 
two  or  three  minutes,  until  stiiined  iniiformly  brown  and  resembling 
in  appearance  a  boiled  tea-leaf.  They  are  then  placed  in  absolute 
alcohol,  and  washed  by  carefully  moving  the  sections  in  the  liquid 
with  a  glass  rod.  When  completely  decolorised  they  are  spread  out 
on  a  lifter,  and  transferred  to  clove-oil  until  completely  clarified. 
Each  is  transferi-ed  with  a  lifter  to  a  slide,  and  the  clove-oil  is 
run  off  and  then  completely  removed  by  gently  i)ressing  two  or 
three  layers  of  filter-paper  upon  the  section.  Finally,  the  section 
is  mounted  in  Canada  balsam. 

The  process  of  decolorisation  may  be  hastened  by  transferring  the 
section  from  alcohol  to  clove-oil,  and  back  again  to  alcohol,  repeating 
this  two  or  three  times. 

On  examination  the  tissue  appears  colourless,  or  slightly  tinged 
yellow  from  too  long  immei^sion  in  the  iodine  solution,  while  the 
micro-organisms  are  stained  blue  or  blue-black. 

Double  staining  is  obtained  by  transferring  the  sections  after 
decolorisation  to  eosin,  Bismarck  brown,  or  vtsu\'in.  They  are  left 
in  a  watery  solution  for  two  or  three  minutes,  then  again  washed  in 
alcohol,  before  clarifying  in  clove-oil  and  mounting  in  balsjim. 

Another  instructive  method  is  to  place  the  (lec*ol(jrised  sections 
in  picro-carminate  of  ammonia  for  three  or  four  minutes,  and  then 
treat  with  alcohol  and  clove-oil. 

A  similar  result  is  obtained  by  placing  the  sections  in  Orth's 
solution  (picro-lithium  carmine),  transferring  to  acidulated  alcohol, 
and  then  passing  through  clove-oil  and  mounting  in  balsam. 

mm 
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In  EbrllchV  ru«ftb<j(l  <lelicate  hectioiw  are  liaiile  to  he  injured  by 
iifini«;n«ion  in  tb<f  nitric  aci<l,  and  therefore  Watitou-Cheyne  KUggested 
the  tiKe  'jf  formic  add. 

The  Ziehl-Neebten  uiethfxl,  in  which  Mulphuric  acid  in  used  imstead 
(fi  nitric  acid,  iti  uiuch  U}  )je  preferred  to  Elirlich  h  method. 

Ziehl-Neelsen  MethocL — The  Hfdution  i^  warmed,  and  aections 
hfft  in  it  for  ten  minutes.  The  red  colour,  which  disappears  when 
the  HfN;tion  is  placed  in  wcfak  Huiphuric  a«'id  (25  per  cent.),  'may 
fiartly  return  when  the  section  is  pLiced  in  water.  In  this  ca«e  the 
Hifction  must  (je  apiiu  immersed  in  acid  and  {mssed  backwards  and 
frjrwards  fn>m  acid  to  water  until  the  red  colour  has  completely,  or 
ahnost  complet<?ly,  disap[>eare<l.  It  must  be  thoroughly  washed  in 
water  U)  n^move  all  truces  of  the  acid,  and  then  placed  in  a  watery 
w>hition  of  methylene  blue  for  two  or  three  minutes,  washed  again 
in  water,  immersetl  in  alcx>hol,  clarified  in  clove-oil,  and  mounted  in 
the  usual  way.  >S<'ctions  are  brilliantly  stjiined,  and  the  results  are 
veiy  |N*rmanent. 

Many  s[N*ciaI  nietluNls  of  staining  have  1)eHn  intixxluced,  and  will 
1m$  giv(*n  in  subse(|tient  chuptcn*s  with  the  description  of  the  bacteria 
to  which  they  apply.  Tlie  metIi(Mls  alresuly  described  are  tlicjee 
which  are  more  or  less  in  constant  use  in  studying  bacteria  and  in 
C4)nducting  original  r(*sea inches. 


CHAPTEK    IX. 

PREPARATION   OF   NUTRIENT    MEDIA    AND   METHODS   OF 

CULTIVATION. 

To  cultivate  micro-organisms  artificially,  and,  in  the  case  of  the 
pathogenic  bacteria,  to  fulfil  the  second  of  Koch's  postulates,  they 
must  be  supplied  with  nutrient  material  free  from  pre-existing 
micro-organisms.  Hitherto  various  kinds  of  nutrient  Uquids  have 
been  employetl,  and  in  many  cases  they  still  continue  to  be 
used  with  advantage,  but  for  general  use  they  have  been,  in  a 
great  measure,  supplanted  by  the  methods  of  cultivation  on  sterile 
solid  media  about  to  be  described.  The  advantages  of  the  latter 
methods  are  numerous.  In  the  first  place,  in  the  case  of  liquid 
media,  in  spite  of  elaborate  precautions  and  the  ext>enditure  of  much 
labour  and  time,  it  was  almost  impossible  or  extremely  difficult  to 
obtain  a  pure  culture.  When  a  drop  of  liquid  containing  several  kinds 
of  bacteria  is  introduced  into  a  liquid  medium,  we  have  a  mixed 
cultivation  from  the  very  first.  If  in  the  struggle  for  existence 
some  bacteria  were  unable  to  develop  in  the  presence  of  others,  or 
a  change  of  temperature  and  soil  allowed  one  form  to  predominate 
over  another,  then  we  might  be  led  to  the  conclusion  that  many 
bacteria  were  but  developmental  forms  of  one  and  the  same  micro- 
organism ;  while  possibly  the  contamination  of  such  cultures  might 
lead  to  the  belief  in  the  transformation  of  a  harmless  into  a  patho- 
genic bacterium.  The  secret  of  the  success  of  Koch's  methods  greatly 
depends  upon  the  possibility,  in  the  case  of  starting  with  a  mixture 
of  micro-organisms,  of  being  able  to  isolate  them  completely  one 
from  another,  and  to  obtain  an  absolutely  pure  growtli  of  each 
cultivable  species.  When  sterile  nutrient  gelatine  has  been  li(|uefied 
in  a  tube  and  inoculated  with  a  mixture  of  bacteria  in  such  a  wav 
that  the  individual  micro-organisms  are  distributed  throughout  it, 
and  the  liquid  is  poured  out  on  a  plate  of  glass  and  allowed  to  solidify, 
the  individual  bacteria,  instead  of  moving  about  freely  as  in  a  liquid 
medium,  are  fixed  in  one  spot,  where  they  develop  individuals  of 
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their  own  npecies.  In  thin  way  colonies  are  formed  t^ach  posiiessing 
itf<  own  biological  chanioterintica  and  morphological  appenraiices. 
When  an  adventitious  germ  f  i-om  the  air  falls  upon  the  culture,  it  also 
grows  exactly  iipon  the  wpot  upon  which  it  fell,  and  can  be  easily 
recognised  as  a  stranger.  To  maintain  the  inilividuaU  isolatetl  from 
one  another  during  tbeir  growth,  and  free  front  contamination,  it  is 
only  necessary  to  thin  out  the  cultivation,  and  to  protect  the  plates 
from  the  air.  The  slower  growth  of  the  micro-organisms  in  Kolid 
media,  affording  much  greater  facility  for  examining  them  at  various 
intervals  and  stage.s  of  development,  is  an  additional  point  in  favour 
of  these  methods ;  and  the  characteristic  macroscopical  appearances 
so  frequently  assumed  are,  more  especially  in  the  case  of  morpho- 
logical resemblance  or  identity,  of  the  greate.'it  importance.  The 
colonies  on  nutrient  gelatine  (examined  with  a  low  {)Ower)  of  micro- 
organisms such  as  Bncillus  anthracis  and  Proteus  mii'abilis,  the 
naked  eye  appearances  in  test-tube^  of  the  gi'owth  of  the  bacilli 
of  anthrax  and  tul>er<-le,  tuid  the  brilliant  growth  of  Micrococcus 
prodigioRus,  may  be  (jnote'l  as  examples  in  which  the  appearances  are 
often  very  striking  and  sometimes  i|uite  characteristic. 

HiiLin  Mkdia. 
(a)  Preparation  ok  Nuthient  Gelatine  and  Nutrient 
Agar- A  OAR, 
Nutrient  Qelatine  is  prcjiai-ed  us  follows:  Take  half  a  kilo- 
gramme of  beef  (one  jiound),  as  fi-ee  as  possible  fi-om  fat.     Chop  it 
up  iinely,  transfer  it  to  a  flask  or  cylin.lvical 
ve.s,sel,  and  shake  it  np  well   with  a  litre  of 
distilled  waU-r.     Phtce  the  ves.sel  in  an   icc- 
-(■upboarJ,   or   in   winter  in   a    cold 
id  lesive  for  the  night.     Next  niorii- 
'   with  the    inviMiration   cif   all 
;:  n'L|ui,site  iip|«iratus.      Thoi'oughly  wash  and 

i        .i        linse  with  alcohol  about   100  test-tubes,  and 
I '     -^        allow  them  to  dry.      Plug  the  mouths  of  the 
t*st-fulK's  with  cotton- wix)l,  taking  care  that 

*  "'T.rTFsT  t''-b^""^  *''"  l''"^"^  ^'''  ''""'J'  ^"*  "'*  *^'  tightly. 
Place  them  in  their  wire  cages  in  the  hot-aii' 
steriliser,  to  lie  heated  for  an  hour  iit  a  temperatui-e  of  1511°  (.'.  In 
the  s;ime  manner  cWnse  aiid  sterilise  several  flasks  and  a  .-mall 
gla'-s  funnel.  In  the  meantime  the  meat  infusion  must  be  again 
well  shaken,   and  the    liquid    [jortioii   sepai'ated    by    lilteritig    ;iiid 


DESCRIPTIOX    OF    PLATE    11. 
Pnre-cnltiTations  of  Bacteria. 

F:<i  i  —In  *^^  J</ffh  tf  y^frUynf  Ot^aflne.  A  pare-<r:!:ivat:oD  ••!  Kocbs 
^.-.■ELiLa-rsi?::"!:*  <>p:riIlLin  cL-  !er«  A-iAt:cat>  *L'>friLe  in  the  track  of 
::.*•  -**-iJ*  a  f::tr.*-I-*ha7'-:  ar-.^  of  *.irr<ef action  encloinj?  an  air-bubble, 
ar.i  a  ^L::*  Threa/I.  '•in.ilar  aj.j.rf-arar.'vs  art  produce*!  In  ciiltiTations  of 
r:.r:  c^i:iiLi-rjac:]I=>  'f  Mi-:**ir.ik'^S. 

F I  f,  2  —  On  r  A^  i'»#  Ka^  '  ■ '  Aws'  r  •>  n  '  /»V/tf  ^  i  «•.  A  pc  re-'u  ^  t ;  •-  at  ion  of  Bacillos 
T TT  :. Or *-  or.  * :. r  •  - rf a^. <.  '  f  '. b. :» . ' . ■  •  1  v  -> .'. i ■: i f.*.-* i  n^it rlent  L'»-L*»t ine. 

Fl'j.  3. —  On  "V  titrftir-  /f  Xutrirr,*  .X'jar-agar.  rcrt-'Ti'.tivation  •»£  BacUlil* 
■-i.'i.':*-  r.  \L*T  "--rfac*.-  ■■/f  '■L'i''.U'.-!T  •^ilidine^l  nctrifT.t  atrar'agar.  The 
„T'. *r;.  r.;j-  t:.-  c/.-.r  -J  r-'l  **-aiir.^'-wAX.  an-i  a  j^-cnliar  crinkled 
:s;.>A :-.:.■*-.  Af:*-.'  >  :..•  'In a*  ir  '.■**•.-  :!.«•  f^rich?  col-ar  and  be-ome* 
:  - :7. ". : -  .  .  .k^  ar.  -.  1  '1 '  -". :  I  • ;»: .  r.    :  >I : 'Tfjc- jcc-  f  r >l:>ri  "U - 

Fi'»  I  f'"*  '-'*'*  »tr*ac*  '*'  \-^r'>/tf  A^ar-^tjur,  A  f  urt-'^Iti\aiion  f»btained 
fr  :.,  ar.  ar-w.-;--  ■  -tar  :.•■'.«  ■-■'■;•.  j  --fj-e:.*—  aureus'). 

Fl«*.  Z,—ffn  fh^  t^rfar*-  ••''  Am'/'iVi'  Agnr-agar.  A  pure-*  •.;>.:  vat  ion  obtained 
f:  =.  iT'-rr.  I  .-  /Rfi'.'.-i-  i'y-<;.arir\;*').  TTie  crowth  fonn>  a  whittfih. 
•.r:iE.-''-ar'::.:  '.:iT*-r.  '/rr.r- ■'-*'.  '.f  .-!»jr;»Ifrr  bacilli,  .-ir.-l  !  •■  trretn  picrment 
i-  ':.*i*f--i  ::,:  ■-j:,'--u*  •:.•■  r.':;!r:-r.:  x-ll;-.  Tl.e  :::..'ArL  arrears  grt-en  by 
•ra:«-Tr.'r**^:  I;;:?;',  •  ■»;.■•..•  t  ■  t}.«-  c-.liur  of  :hf  ;f'.ly  :.--hir.  :  ir. 

Fk*.  •■  - />«  r'.**  M^ru,^  .y  p.,T.:t*.  A  J '.in'.--c:'ti.A!:-'n  f  Tr.»^  bacillus  of 
j". ■•-..'. 'IrTs  ■-.n  :h--  --rfa-'i  ■  f  -!»r.:i'W.d  »•  rato. 
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squeezing  througb  h  linen  cloth  or  a  meiit  pi-ess.  Tlie  red  juice  thus 
obtained  iniist  be  brought  up  to  a  litre  by  triinxferring  it  to  a  large 
meAHuring  gluts  and  adding  diNtilled  water.  It  is  then  poureil 
iuto  a  suffideutly  large  and  strong  benker,  and  set  aside  after  the 
iidditiou  of  10  grammes  of  peptone,  5  grammes  of  wmimon  salt  and 
10()  grammes  of  best  gelatine. 

In  about  half  an  hour  the  gelatine  is  sufficiently  softsned,  and 
subsequent   heating  in   a    water-bath   caiiseij  it   to  be   completely 


dis»olve<l.  The  danger  of  breaking  the  beaker  may  he  avoided  by 
placing  a  cloth,  several  times  folded,  at  the  bottom  of  the  water-bath. 

Tlie  next  process  requires  the  greatest  care  and  attention.  Some 
micro-organisms  grow  be«it  in  a  slightly  ucid,  others  in  a  e  tral 
ot  slightly  alkaline,  medium.  For  example,  for  the  g  owtl  an  I 
characteristic  appearances  of  the  comma  bacillus  of  Asii  t  c  cl  lera 
a  faintly  alkaline  noil  is  absohit«ly  essential.  This  sliglitlj  alkaline 
medium  will  be  found  to  answer  best  for  most  mici-o-orga  i.  i.  I 
may  be  obtained  as  follows  ;  — 

With  a  clean  glass  rod  dipped  in  the  mixture,  the  reaction 
upon  litmus-paper  may  be  ascertJtined,  and  a  concentrated  solution 
of  carbonate  of  sodn  must  be  added  drop  by  drop,  until  retl  litmus- 
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paper  beramett  faintly  blue.     If  it  han  been  made  too  alk&line,  it  can 
be  neutraliHed  by  the  addition  of  lactic  ncid. 

Finally,  t)ie  mixture  ifl  heated  for  an  hour  in  the  wat«r-bath. 
Ten  tninuteR  befoie  the  boiling  is  completed,  the  white  of  an  egg 
lienteii  up  with  the  shell  in  added,  and  the  li(|uid  in  then  filtered 
while  hot.  For  the  filtration,  the  hot-water  apparatus  (Fig.  31) 
can  be  used  with  advantage,  furninhed  with  a  filter  of  Swedixh 
pHI)er,  which  may  be  conveniently 
made  in  the  following  way  : — 

About  eighteen  inches  square 
of  the  belt  and  stouteHt  filter  paper 
iH  firot  folded  in  the  middle,  and 
then  creiiseii  into  sixte**!!  fohls.  The 
filter  is  mitde  to  tit  the  glass  funnel 
by  gathering  up  the  folds  like  a  fan, 
and  cutting  off  the  HU]>erfluouB  part. 
The  crtnsiiig  of  each  fold  should  be 
made  himly  t^i  within  half  an  inch 
of  the  apex  of  the  filter,  which  part 
IS  to  t.e  getitly  iiiKert4^1  into  the 
tube  of  the  funnel.  To  avoid 
biirstuig  the  lilter  at  the  point,  the 
liroth  nheu  {Hiured  nut  frtmi  the 
flask,  should  be  diiectml  against 
the  side  of  tht:  filter  with  a  glawi 
Dining  fll trillion  the  funnel 
.  should  be  covered  over  with  a 
en  I  ulai  plate  of  glass,  and  the  pro 
cfAof  Idtrittiun  uiust  lie  re])eated, 
if  liecessjiry,  until  a  ]uile,  xtraw- 
coloured,  [xTfcctly  trans[>afent 
filtiiile  results. 
The  sterilised  tejit-tulsw  are  filled  to  about  a  thii-d  of  their  depth 
by  ]X)uring  in  the  gelatinit  carefully  and  Kteiidily,  or  by  employing  a 
Hmall  sterilised  glass  funnel.  The  object  <if  this  fare  is  to  prewnt 
the  mixture  t^iuching  the  {xirt  of  the  tuW  with  which  the  plug 
comeH  into  contact;  otherwist-,  when  the  gehttino  sets,  the  cotton- 
wool adhereM  to  the  tn))e  aiiil  I>ce(>mcH  a  source  of  enibarrassment  in 
subseiiuent  procednrcs.  As  the  tube-s  iire  filled  they  are  placed  iu 
the  test-tnbe  basket,  and  must  then  Iw  sterili.sed.  They  are  either 
lowennl  into  the  steam  steriliser,  when  the  thermometer  indicates 
U)0°  (.'.,  for  twelve  minutei  for  fonr  or  five  successive  days,  rn-  they 
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lay  be  traTisfoireil  to  the  test-tube  watcr-bit,li,  uml  heattil  far 

A  day  for  tlm«ei  succeissive  (laj'K. 

If  the  gelatine  isbows  «iij'  tiirliiility  iifler  tlit-w  pcoeesies  it  n 


t  poiiieil  back  fi-om  the  tent-tnljes  into  a  Qunk,  bulled  ii[)  fw  ten 

itiniit««,  nnil  filftprei]  once  luorp,  an<1  the  procesites  of  atetoHHatiuii  just 

crihefl  must  lie  rejieatfMl, 


iMii.  :».-»i: 


Nutrient  Agar-agar.— Agm-agar  i«  n  sulmtjiiiee  pi-epaifl 
poni  senwwd  which  jrrows  mi  the  coasts  of  Japan  anJ  India, 
pd  is  xiipi'lieil    iti    loii"  crinkled  ttriiis.     It  l>oil»  at  9U°  C,  tuid 
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*  solid  Up  to  a  temi>eniture  of  alx>ut  45°  C,  It  is  there- 
fore MibMtituted  for  pelntiiie  in  the  preparation  of  a  jelly  for  the 
ciiltivHtion  nf  thoHe  bacteria  which  will  only  grow,  or  grow  beet,  in 
the  inciilwtor  at  the  temperature  of  the  blood.  It  may  also  be 
emjiloyed  at  oiilimiry  tempenitiireH  for  bacteria  .  which  liquefy 
gelatine.  The  preparation  Ls  con<lticte(l  on  much  the  same  principle*) 
aB  thoHe  already  ilescribeil.  Instead,  however,  of  100  grammex  of 
gelatine,  only  al>out  30  graoimeR  of  agar-agar  are  employed  (I'S  to 
2  per  cent.),  an<l  to  facilitate  its  solution  it  must  be  allowed  to  soak 
in  salt  water  overnight.  For  the  filtration,  flannel  is  substituted 
for  filter- pujter,  or  may 
be  UHed  in  combination 
with  the  latter.  The 
hut- water  apparatus 
is  invariably  employed, 
unletui,  t<i  accelerate 
the  process,  the  glass 
funnel  and  receiver  are 
IxKlily  transferred  to 
the  fteam  steriliser,  If 
the  conical  ca)>  cannot 
lie  rei)laced,  clothw  laid 
over  the  mouth  of  the 
Kteriliser  muxt  be  em- 
ployed instead.  It  may 
l)e  necessary  to  rejieat 
the  procertc  of  filtra- 
tion, but  it  mtiHt  not  be 
expected  that  snch  a 
btilliant  transparency 
Fiu.  31.— Iniihatom.  can  be  obtained  as  with 

gelatine.  The  final 
result,  when  wilid,  should  lie  colourless  and  clear;  but  if  slightly 
milky,  it  may  still  be  empliiyed. 

A  little  Hquiil  gradually  collects  in  the  tubes,  l)eing  expressed  by 
the  contraction  i>f  the  agar-agar. 

Wort-gel£'.tine  is  used  in  studying  the  bacteria  of  fermentation. 
It  is  raaile  by  udiling  from  5  to  10  i>er  cent,  of  gelatine  to  beer-wort. 
Glycerine  Agar-agar — This  is  pi-epaml  by  ndiling  B  per 
cent,  of  glycerine  to  nutrient  agnr-agar,  after  the  boiling  and  before 
the  filtration,  and  other  modifications  can  l)e  luiwle  for  special 
purposes  by  the  addition  of  grai)e-p.ugar  or  of  gehitine. 
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After  the  final  treatment  in  the  Mteam  steriliser  Rome  of  the 
tubes  of  gelatine  und  agar-agiir  are  placed  upright  iind  allowed  to 
net,  and  others  are  placed  on  an  inclined  plane  or  in  the  blood-serum 
inspissator,  and  left  to  gelatinise  with  an  oblique  RiirfikCe. 


(b)  Methods  op  employing  Nutrient  Jellv  in  TKeT-TiiBES 
AND  ON  Glabs  Plates. 

TeBt-tube-c'ultivatlonB,— To  inoculate  test-tubes  containing 
nutrient  jelly,  the  cotton-wool  plug  is  first  twisted  round  in  case 
thei-e  are  any  adhesions  between  the  plug  and  the  test-tulie.  It  in 
then  removed  with  the  thumb  and 
index  finger  of  the  light  hand,  and 
placed  between  the  fourth  and  fifth 
fingers  of  the  left  hand,  instead  of 
being  put  down  on  the  laboratory  table 
and  thereby  probably  con  tarn  in  a  te<] 
with  bact«ria  or  the  spores  of  mould 
fungi.  A  steriJLsed  needle  charged, 
for  example,  with  blood  or  pus  con- 
taining bacteria,  oi'  with  a  colony  from 
a  plate-cidture,  is  thrust  once  in  the 
middle  line  into  the  nutrient  jelly, 
and  wteadtly  withdrawn;  The  tube 
should  be  held  hoiizontalty  or  with 
its  mouth  ilownward,  to  avoid,  as  far 
as  possible,  accidental  contamination 
from  the  gravitation  of  germs  in  the 
air ;  and  the  ping  I'eplaced  as  quickly 
as  possible.  The  cotton-wool  project- 
ing beyond  the  mouth  of  the  tube  is 

then  thoroughly  bmut  in  the  flame  of  a  Bunsen  burner  or  blow- 
pipe, and  an  india-rubber  cap  fitted  over  the  mouth  of  the  tube 

The  chances  of  error  arising  fi-om  contamination  of  the  cnlti- 
vfttions  are  retluced  by  avoiding  draughts  at  the  time  of  inoculation, 
and  it  is  best  tliat  these  manipulations  should  be  eaiTied  on  in  a 
qtiiet  room  in  which  the  tables  and  floor  are  wipe<l  with  damp  cloths, 
rather  than  in  a  laboratory  in  which  the  air  becomes  charged  with 
germs  through  constant  sweeping  ami  clusting,  and  the  entrance 
and  exit  of  rfitsses  of  students,  In  conducting  any  invastigatton 
a  dozen  or  more  tubes  should  be  inoculated,  and  if  by  chance  an 
adventitious  germ,  in  spite  of  all   precautions,  giiii:s  an  entrance. 


Vus.  35. — Mbtkod  ok  Inociu 

ING    A     TeMT-TI 

Sterile  Nithi 
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the  contaminated  tube  can  be  rejected,  and  the  experiments  con- 
tinued with  the  remaining  pure  cultivations. 

When,  however,  one  tube  containing  a  liquid  medium  Is  in- 
oculated from  another,  as  in  the  process  of  preparing  plate-cultures, 
or  when  a  culture  is  made  from  a  tube  in  which  the  growth  has 
liquefied  the  gelatine,  it  is  obvious  that  the  tubes  cannot  be  inverted 
or  held  horizontally,  and  they  must  then  be  held  and  inoculated  as 
in  Fig.  38.  To  inoculate  those  tubes  of  nutrient  media  which  have 
been  solidified  obliquely,  the  point  of  a  straight  sterilised  needle 
charged  with  the  material  to  be  cultivated  is  traced  over  the  surface 
of  the  jelly  from  below  upwards,  or  the  inoculated  material  may  be 
spread  out  with  a  hooked  or  looped  needle. 

Examination  of  Test-tube'Cultivations. — The  appearances  pro- 
duced by  the  growths  in  test-tubes  can  be  in  most  cases  sufficiently 
examined  with  the  naked  eye.  In  some  cases  the  jelly  is  partially 
or  completely  liquefied,  while  in  others  it  remains  solid.  The 
growths  may  be  abundant  or  scanty,  coloured  or  colourless.  The 
nutrient  jelly  may  itself  be  tinged  or  stained  with  products  i-esulting 
from  the  growth  of  the  organisms.  When  liquefaction  slowly  takas 
place  in  the  neadle  track,  or  the  organism  grows  without  producing 
this  change,  the  appearances  which  result  are  often  very  delicate, 
and  in  some  cases  very  characteristic.  The  appearance  of  a  simple 
white  thread,  of  a  central  thread  with  branching  lateral  filaments, 
of  a  cloudiness,  or  of  a  string  of  beads  in  the  track  of  the  needle, 
may  be  given  as  examples. 

In  some  ca.ses  much  may  be  learnt  by  examining  the  gi^owth  with 
a  magnifying  glass.  Here,  liowever,  a  difficulty  may  be  encountered, 
for  the  cylindrical  form  of  the  tube  so  distoi-ts  the  appearance  of  its 
contents,  that  the  examination  is  rendered  somewhat  difficult.  To 
obviate  this,  a  very  simple  contrivance  may  be  employed  with 
advantage.  This  consists  of  a  rectangular  vessel,  about  four  inches 
in  height  and  two  inches  in  width,  which  may  be  ea.sily  constructed 
by  cementing  together  two  slips  ot  glass  to  form  the  back  and  front, 
with  three  slips  of  stout  glass  with  ground  edges  forming  the  sides 
and  base  (Cheshire).  The  front  may  be  constructed  of  thin  gla.ss, 
and  the  base  of  the  vessel  made  to  slope  so  that  the  test-tube  when 
placeil  in  the  vessel  has  a  tendency  to  be  near  the  front.  The 
vessel  is  filled  with  a  mixture  of  the  same  refractive  index  as  the 
nutrient  gelatine.  The  latter  has  a  refractive  index  rather  higher 
than  water,  which  is  about  1'333  ;  alcohol  has  a  refractive  index  of 
1'374.  The  vessel  is  filled  with  water,  and  alcohol  is  then  added 
until  the  proper  density  is  reached.     The  test-tube  is  placed  in  the 
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vetisel,  and  held  In  position  by  meanH  of  a  clip.  The  vessel  ciin  be 
fixed  on  the  inclined  stage  of  tbe  microscope,  and  the  contents  at  the 
tnbe  conveniently  examined  with  low-power  objectives. 

FIate>ooltlvaUon8. — By  this  method,  as  already  mentioned,  a 
mixture  of  bacteriu,  whether  in  fluids,  excreta,  or  in  cultivations  on 
solid  media,  can  be  so  treated  that  the  different  species  are  isolated 
one  from  the  other,  and  perfectly  pure  cultivations  of  each  of  the 
cultivable  bacteria  in  tbe  original  mixture  established  in  various 
nutrient  media.  We  are  enabled  also  to  examine  under  a  low 
power  of  the  microscope  the  individual  colonies  of  bacteria,  and  to 
dJHtinguiah  by  their  characteristic  appearances,  microorganisms 
which,  in  th«r  indiWdual  form,  closely  resemble  one  another,  or 
are  even  identical.  The  same  process,  with  slight  modification,  in 
alflo  employed  in  the  examination  of  air,  soil,  and  water,  which  will 
bo  referred  to  later. 

The  preparation 
of  platfl'Cultivations, 
therefore,  must  be 
described  in  every  de- 
tail :  and  to  take  an 
example,  we  will  sup- 
poee  that  a  series  of 
plates  is  to  be  pre- 
pared from  a  test- 
cube-  cul  ti  vation . 

Arrangement  of 
Leoellitig  Apparatus. — In  onler  to  spi-ead  out  the  liquid  jelly 
evenly  on  the  surface  of  a  glass  plate,  and  hoRten  itc;  KolidiflcA- 
tioD,  it  is  necessary  to  place  the  glass  plate  upon  a  level  and 
oool  surface.  This  is  obtained  in  the  following  manner :  Place  a 
large  shallow  glass  dish  upon  a  tripod  stand,  and  fill  it  to  the  brim 
with  cold  water ;  carefully  cover  the  dish  with  a  slab  of  plate-glass, 
or  a  pane  of  window-glass,  and  level  it  by  placing  the  spirit-level  in 
tiie  centre  and  adjusting  the  screws  of  the  tripod.  Substitute  for 
the  spirit-level  a  piece  of  filter-paper  the  size  of  the  glass  plates  to 
be  employed,  and  cover  it  with  a  shallow  bell-glass. 

Steriligation  of  Glass  Plates. — The  glass  plate.i  ai-e  .sterilised  in 
an  iron  box  placed  in  the  hot-air  sterilifler,  at  150°  C,  from  one  to 
two  hours.  As  these  plates  are  used  also  for  other  purpoj^es,  a 
quantity  ready  sterilised  should  always  be  kept  in  the  box. 

Preparatvm  of  Damp  Chambers. — The  damp  chambei-s  for  the 
reception  of   the  inoculated  plates  ai-e  prepared  thus:  Tlioroughly 


Flii.  3fi.- 


DESCRIFTION    OF    PLATE    III. 
Plate-cultivation. 

This  lepresents  the  api)earance  of  a  plate-cultivation  of  the  comma-bacillus 
of  Cholera  nostras,  when  it  is  examined  over  a  slab  of  blackened  plate-glass. 
The  drawing  was  made  from  a  typical  result  of  thinning  out  the  colonies  by 
the  process  of  plat€-cultivation.  At  this  stage  tliey  were  completely  isolated 
one  from  the  other;  but  later  they  became  confluent,  and  produced  complete 
liquefaction  of  the  gelatine. 
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the  fourth  and  fifth  fingers  of  the  left.  Remove  the  phig  of  the 
other  tube  in  the  same  way,  placing  it  between  the  third  and  fouHh 
fingers  of  the  left  hand.  With  the  needle  take  up  a  droplet  of  the 
cultivation  and  stir  it  round  in  the  liquefied  jelly.  Replace  the  plugs, 
and  set  aside  the  cultivation.  Hold  the  fresjbly  inoculated  tube  be- 
tween the  index  finger  and  thumb  of  either  hand,  almost  horizontally, 
then  raise  it  to  the  vertical,  so  that  the  liquid  gelatine  gently  flows 
back.  By  repeating  this  motion  and  rolling  the  tul)e  between  the 
fingers  and  thumbs  the  micro-organisms  which  have  been  introduced 
are  distributed  throughout  the  gelatine.  Any  violent  shaking,  and 
consequent  formation  of  bubbles,  must  be  carefully  avoided.  From 
the  inoculated  tube,  in  the  same  manner  inoculate  a  fresh  tube  of 
liquefied  gelatine,  introducing  into  it  three  di'oplets  with  a  sterilised 
needle.  After  tilting  and  rolling  this  tube,  m^  in  the  previous  case, 
the  same  process  is  repeated  with  a  third  tube,  which  is  inoculated 
from  the  second  tube.  This  last  tube  must  be  inoculated  in  different 
ways,  according  to  experience,  for  different  micro-organisms.  Some- 
times a  sufiicient  separation  of  the  micro-organisms  is  attained  by 
inoculating  the  last  tube  with  a  straight,  instead  of  a  looped,  needle, 
dipping  it  from  the  one  into  the  other  from  three  to  five  times. 

The  next  process  consists  in  pouring  out  the  gehitine  on  glass 
plates  and  allowing  it  to  solidify. 

Preparation  of  the  GeUithie- Plates. — The  directions  to  be  observe<l 
in  pouring  out  the  gelatine  are  as  follows  : — 

Place  the  box  containing  sterilised  plates  horizontally,  and  so 
that  the  cover  projects  beyond  the  edge  of  the  table ;  remove  the 
cover,  and  withdraw  a  plate  with  sterilised  forceps  ;  hold  it  between 
the  finger  and  thumb  by  opposite  margins,  rapidly  transfer  it  to 
the  filter- paper  under  the  bell-glass,  and  quickly  replace  the  cover 
of  the  box.  On  removing  the  plug  from  the  tube  which  was  first 
inoculated,  an  assistant  raises  the  bell-glass,  and  the  contents  of  the 
tul)e  are  poured  on  to  the  plate ;  with  a  glass  rod  the  gelatine  must 
be  then  rapidly  spread  out  in  an  even  layer  within  alK)ut  half  an 
inch  of  the  margin  of  the  plate.  The  assistant  replaces  the  bell- 
glass,  and  the  gelatine  is  left  to  set.  Meanwhile  a  glass  bench  or 
metalUc  shelf  is  placed  in  the  damp  chamber,  ready  for  the  reception 
of  the  plate-cultivation,  and  when  the  gelatine  is  quite  solid  the 
plate  is  quickly  transferred  from  under  the  bell-glass  to  the  damp 
chamber;  precisely  the  same  proce^ss  is  repeated  with  the  other 
tubes,  and  the  damp  chamber,  labelled  with  the  tletails  of  the 
experiment,  is  set  aside  for  the  colonies  to  develop.  Not  only  plate- 
cultures  should  be  carefidly  labelled  with  date  and  rlescriptiou,  but 
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the  same  remark  applies  equally  to  all  preparations — tube-cultures, 
potato-cultures,  drop-cultures,  etc. 

Correspondiug  with  the  fractional  cultivation  of  the  micro- 
organisms  obtained  in  this  manner,  the  colonies  will  be  found  to 
develop  in  the  course  of  a  day  or  two,  the  time  varying  with  the 
temperature  of  the  room.  The  lower  plate  will  contain  a  countless 
number  uf  colonies  which,  if  the  micro-organism  liquefies  gelatine, 
speedily  commingle,  and  produce,  in  a  very  short  time,  a  complete 
liquefaction  of  the  whole  of  the  gelatine.  On  the  middle  plate  the 
colonies  will  also  be  very  numerous,  but  retain  their  isolated  position 
for  a  longer  time  ;  while  on  the  uppermost  plate  the  colonies  are 
completely  isolated  from  one  another,  with  an  appreciable  surface  of 
gelatine  intervening. 

KxctmiiKUion  of  Plate'Cidtivatwiia, — ^The  macroscopical  appear- 
ances of  the  colonies  are  l)e«t  studied  by  placing  the  plate  on  a 


Fk;.  39.— Damp  Chamber  containing  Platk-(?ultivationh. 

slab  of  blackened  glass,  or  on  a  porcelain  slab  if  the  colonies  are 
coloured. 

To  examine  the  microscopicjil  api)earances,  a  selected  plate  is 
placed  uiKHi  the  stage  of  the  microscope.  The  smallest  diaphragm 
is  employed,  and  the  apjiearances  studied  principally  with  a  low 
power.  These  appearances  should  be  carefully  noted,  and  a 
sketch  or  phot(>gra[)h  of  the  colony  made.  The  morphological 
characteristics  of  the  micro-organisms  of  which  the  colony  is  formed 
can  lie  examined  in  the  following  way :  A  small  looi)ed  or 
hooked  platinum  needle  is  held  like  a  [>en,  and  the  hand  steadied 
by  resting  the  little  finger  on  the  stage  of  the  microscoi)e.  The 
extremity  of  the  iu*edle  is  steadily  directed  to  the  space  between 
the  lens  and  the  gelatine  without  touching  the  latter,  until,  on 
looking  through  the  microscope,  it  can  be  seQU  in  the  field,  above 
or  by  the  side  of  the  colony  under  examination.  The  needle 
is  then  dipped  into  tlie  cftlony,  steadily  raised,  and  withdrawn. 
Without  ivmoving  the  eye  from  the  microscope  this  mani[)ulation 
can   be  seen   to   be  successful   by  the  colony  being  disorganised  or 
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i'<im[iletely  removed  from  tlie  gelutine.  It  U,  however,  not  easy  to 
be  successful  at  first,  but  with  pmclici'  this  niu  W  iiTOOiHpliBhad 
uitl.  rftpi.Uty  nud  j.recLsioii.      A  i.i-*.[»ir;ili.,i.  is  tlieii  uia.li-  l.v  n.l.l.i.i^- 


the  extremity  of  the  iieodle  ia  a  (li-ojilet  of  water  on  a  slide,  TOveriiig 
with  a  (wver-gliuw,  und  exiimiiiiDg'  iii  the  fresh  state,  or  by  spi'eadiiig 
nut  the  droplet  on  a  cover-glass,  diying,  [ttieiiiDg  three  times  thi-ough 
the  flnme,  unil  staining  with  a  drop  of  fucUsine  or  gentiuu  violet. 
iDocnlstious  ehoiild  be  made  in  test-tubes  of  uuti-ieat  gelatine 
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and  agar-agar,  from  tho  micr()-orgauiKiii.s  ti*aiisfeiTed  to  the  cover- 
glass  before  it  is  drieil  and  stained,  from  any  remnants  of  the  colony 
which  was  oxaniincHl,  or  from  other  colonies  bearing  exactly  similar 
appearances.  In  this  way  pure  cultivations  are  established,  and 
the  macroscopical  appearances  of  the  growth  in  test-tubes  can  be 
obtiiimnl.  The  plates  should  be  replaoe<l  in  the  damp  chamber 
as  s(K)n  as  ponmble ;  drpng  of  the  gelatine,  or  contamination  with 
micro-organisms  gi-avitating  from    the   air  during   their   exi)osiire, 

may  s^kuI  them  for  subsequent  examination. 
A  much  simpler  method  of  plate-cultivation 

is  to  dis[)ense  with  the  levelling  apparatus,  and 

pour  the  li(iuefied  jelly  into  shallow,  flat  (Ushes. 
Fi(i.  41.— Pctri's       *  ^  ,     ,  ,    . 

D,„„  They  take  up  much   less  room,  and  m   many 

ways  are  mort^  convenient  (Fig.  41). 

Nutrient  agar-agar  can  also  l)e  employe<l  for  the  preparaition 
of  plate-cultivations,  but  it  is  much  more  difiicult  to  obtain  satin- 
factory  n^sults.  The  test-tubes  of  nutrient  agar-agar  must  be 
placed  in  a  lx*aker  with  water  antl  heated  until  the  agar-agar 
is  completely  liijuefied.  Tiie  gas  is  then  turnwl  down,  and  the 
temperatiu'e  of  the  water  allowed  to  fall  until  the  thermometer 
.stands  just  above  50°  0.  The  water  must  be  maintained  at  this 
temperatuiv,  and  the  test-tul)es  must  be  in  turn  rapidly  inoculated 
and  iH)ured  out  ujkui  the  glass  plates,  or  better  still,  into  glass 
dishes,  as  ah  eadv  (Uiscribed. 

A   vt»ry  much  .simpler  plan  is  to  liquefy  the  agar,  iK>ur  it  into 


Kh:.  42.— Glass  Bknches  and  Sudks. 

a  shallow  dish,  and  allow  it  to  .solidify.  The  mdture  material  is 
thinned  out  in  stevili.scd  broth,  and  a  few  drops  are  s|)read  out  over 
the  surfaces  of  the  agar.  The  di.shes  are  th(»n  placed  in  the  incubator 
at  37°  C. 

(ilass  plates  may  also  l>e  em|)loye<l  in  a  much  simpler  way. 
The  nutrient  jelly  is  liciuelied,  pounnl  out,  and  allowed  to  set.  A 
needle  char<rel  with  the  material  to  lie  in(K*ulated  is  then  drawn 
in  lines  over  th<'  surface  of  the  jelly.  This  nu^thod  is  of  u.se  for 
in(H*ulatin«r  difl'erent  organisms  .side  by  side,  and  watching  the  effect 
of   o)ie   u})oii   the  other,  or  a   micro-organism    in   this  way  may  be 
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sown  upon  the  gelatine  which  has  been  already  altered  by  the 
growth  of  another  micro-organism  ;  the  change  produced  in  the 
gelatine,  as  in  the  case  of  the  Bacillus  pyocyaneus,  extending  far 
beyond  the  limits  of  the  growth  itself. 

Nutrient  jelly  may  also  be  spread  out  on  sterilised  glass  slides, 
which  after  inoculation  are  placed  in  damp  chambers  for  the  growths 
to  develop. 

XaSmarcll'B  RoU-cnltares. — Esmarch  introduce<l  a  modification 
of  the  method  of  plate- cultivation  which  may  sometimes  be  used  with 
advantage.  The  oi*dinary  test-tubes  may  be  employed,  or  tubes 
considerably  larger  in  size. 

After  the  Uquid  jelly  has  been  inoculated  in  the  tulje,  instead 
of  pouring  it  out  en  to  a  glass  plate  or  into  a  dish,  the  cotton- wool 
plug  is  replaced,  and  an  india-rubber  cap  fitted  over  the  mouth  of 
the  tube. 

The  tube  is  then  placed  horizontally  on  a  block  of  ice  or 
in  a  vessel  containing  iced  water.  Tlie  neck  of  the  tube  is  steadied 
with  the  left  hand,  and  the  tube  turned  round  and  round  with  the 
right  hand.  In  a  very  short  time  the  gelatine  sets,  and  the  tube 
is  lined  inside  with  a  thin  coating.  There  is  far  less  danger  of 
contamination,  and  the  cultures  are  in  a  much  more  convenient 
form  when  circumstances  render  it  necessary  to  move  them. 

(c)  Prepakation  and  Employment  of  Solidified  Blood  Serum. 

Solid  Blood  Serum. — The  tubercle-bacillus,  the  l)acilli  of 
glanders  and  of  diphtheria,  and  many  other  micro-organisms,  thrive 
well  when  cultivated  on  solid  blood  serum.  This  mediiun  has  the 
adiiitional  advantage  of  remaining  solid  at  all  tenipenttures.  The 
technique  reqiured  for  its  preparation  and  stenlisation  is  as  follows  : 
Several  cyUndrical  vessels,  about  20  cm.  high,  are  thoroughly  washed 
with  carbolic  acid  (1  in  20),  and  then  with  alcohol,  and  finally 
rinsed  out  with  ether.  The  ether  is  allowed  to  evaporate,  and  the 
vessels  are  then  ready  for  use.  The  skin  of  the  animal  selected — 
calf,  sheep,  or  horse — is  washed  with  carbolic  at  the  seat  of  oj^eration, 
and  the  bleeding  performe<l  with  a  sterilised  knife  or  a  trocar  and 
cannula.  The  first  jet  of  bloocl  from  the  vein  is  rejected,  and  that 
which  follows  is  allowed  to  flow  into  the  vessels  until  thev  are  almost 
full.  The  ground-glass  stoppers,  greased  with  vaseline,  an*  replaced, 
and  the  vessels  set  aside  in  ice,  as  quickly  as  possible,  for  from 
twenty-four  to  thirty  houi*s.  By  that  time  the  separation  of  the 
clot  is  completed,  and  the  clear  serum  can  then  \ye  transferred  to 
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[iliipt'eHl  Kteiilweil  test-tubes.     These  should  be  filled,  with  a  eterilixed 
[lipette,  to  ubout  uue-tbinl  of  their  capacity. 

Foi-iiierly  tlie  tubeH  were  sterilised  by  Tyndalt's  procetut  of  diK- 
contiiiuoiiK  steriliHation.  The  tuben  were  placed  in  Eoch'x  Beriim 
(«t«nlii<er,  with  the  temperature  maintaiaed  for  an  hour  or  more  at 
r>6°  <J.,  aixl  thix  whh  rejvated  for  six  xuccewire  days,  the  tomjierature 
oil  tlie  lii.st  day  being  gi'ailiialty  raised  to  60°  G.  This  completed  the 
HteritiNiition,  and  tu  solidify  the  serum  the  tubes  were  arranged  iu 
the  iiiK[)isNitor  nt  the  angle  recjiiired,  and  the  temperature  was  kept 
between  65°  C.  and  68°  C, 
Diivctly  solidification  took 
pliice  the  tubeA  were  removed. 
The  new  process  is  mudi 
leHR  tedious,  luid  consists  iu 
taking  every-  possible  pre- 
caution to  obtain  the  blood 
without  contamination  by  liac- 
tfria  in  the  air  or  in  the 
\'esRelH  employed.  There  is 
then  no  need  to  sterilise  the 
Kerum,  and  it  can  be  coagu- 
lated immediately.  The  tnbei^ 
lire  tested  by  placing  them 
in  an  incubator  at  37°  0.  for 
a  week,  and  if  any  show 
signs  of  ciintaruination  they 
are  dificiinled,  and  the  rest 
citn  be  used  or  kept  in  stock. 
The  serum  should  then 
present  the  chut-acter  of  ))eing  har<l,  solid,  of  a  pale  straw  colour, 
and  tmnsiNtiiiot.  A  little  liijuid  collects  at  the  lowetit  point,  and 
the  seruni  is  sometimes  milky  in  ap[ieaiiince  iit  ib<  thickest  part. 

LiiffierH  /llood  Senan  is  preiiattil  by  mixing  two-thinls  of  fresli 
semm  with  onp-thiiil  of  broth,  prepaied  in  the  usual  way  but  with 
the  nddition  of  1  per  cent,  grape-sugar.  Tlie  mixture  is  de«^anted 
into  teKt-tnlwM,  avoiding  the  forniutii>n  of  iiir-bnbbles,  an<l  it  is  then 
I'oaguhited  iu  the  usual  way.  The  sei-um  may  be  emidoyed  not  only 
in  teMt-tul)eM,  but  also  in  small  flasks,  glass  calisules,  or  other  Tessels, 
all  of  which   must  1h>  cleaiine<l  and  st!-rili)u-<l. 

llydnicele  fluid  and  other  seitius  cfTusiinis  msy  1«;  prepare"l  in 
the  siiiiic  manner.  Gelatine  may  l>e  added  to  tlie  serum  in  the  pro- 
[Kiriion  of  5  per  cent. 


Via.  1:1.— Koch's  Skkuu  Htksiui 
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Inoculation  of  the  Tubes. — A  smftU  portion  of  a  culture  or  of  the 
material  to  be  inoculated  is  taken  up  with  a  sterilised  pliitinum 
needle,  aud  traced  over  the  sloping  surface  of  the  serum  ;  or  a 
fragment  of  tissue,  such  aa  diphtheritic  membrane  or  tubercle,  may 
be  introduced  into  the  tube  an<l  rubbed  gently  over  the  aeriim  so  an 
not  to  break  the  surface. 


■HiTEFPE's  Sehlm  Isbpibsatok. 


(d)  Prbfakation  asd  Employment  of  Sterilised  Potato. 

PotatO-onltiTationB Stei-ilL«e<l    {X)tat-oes   form    an    exci'ikiit 

medium  for  the  cultivation  of  many  micro -organisms,  moi'c  as|wcially 
the  chromogeuic  species.  Potato -cultivations  also  give  in  some  cases 
very  characteristic  appearances,  which  are  of  value  in  distinguisliing 
bacteria  which  possess  morphological  resemblances. 

Preparation  of  Sterilised  Potatoes. — Potatoes,  preferably  smooth- 
skinned,  which  are  free  from  "  eyes  "  aud  rotten  spots,  should  be 
selected.  If  they  cannot  be  obtained  without  eyes  ami  s|)otj<,  these 
must  be  carefully  picked  out  with  the  point  of  a  knife.  The  potiLtoes 
are  well  scrubbed  wiih  a  stiff  brush,  aud  allowed  to  .soak  in  1  in  '2(1 
c&rbolic  for  a  few  minutes.     They  are  then  transferred  to  the  potato- 
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receiver,  nud  gteameii  in  the  Kt«)im  steriliser  for  twenty  minutee  to 
half  an  hour,  the  time  varying  uccording  to  the  size  of  the  pututoes. 
When  cooked,  the  potato- receiver  is  withdrawn  and  left  to  cool,  the 
potatoes  being  ret*iin©d  in  it  until  required  for  use. 

Damp  chambers  ave  prepai'ed  ready  for  the  potatoes,  the  vessels 
being  cleiinsed  and  washeil  with  carbolic  iis  descriljed  for  plate- 
eultivationH.  Small  glass  dishes  of  the  same  pattern  ua  the  large 
ones  may  be  employed  for  single  halves  of  potatoes.  Potato-knives 
jind  scalpehi,  which  have  been  sterilised  in  an  iron  box  by  heating 
them  in  the  hot-air  steriliNer  at  151°  C  for  one  hotu',  ^ihoidd 
be  ready  to  hand.  Knives  steiilised  by  heating  them  in  the  llame 
of  a  Bnnseu  burner  should  nft^rwards  be  placed  ii]K)n  u  sterilised 
glass  plato  and  toveitd  with  a  Ijcll-glasf;.     It  must  not  be  furgotten, 


Fill.  -111.— Bos  roH  Steeiuhisg  Inhtrvxestm. 

however,  that  heating  the  bladea  in  the  flame  destroys  the  li'mj>er 
of  the  Hteel,  ftnd  therefore  knives  and  other  instruments  should 
preferably  be  sterilised  in  the  hot-iiii-  steriliser,  enclosed  in  an  iron 
box,  or  simply  enveloped  in  cotton-wool. 

Inocviaiion  of  Potatoes. — The  coat-sleeves  should  be  tui-ned  back, 
and  the  hands,  after  thorough  washing  with  good  lathering  soap, 
be  dippe<l  in  1  in  40  carbolic.  An  osaistant  oi)ens  the  jxitato- 
recei^er,  and  a  potato  is  selected  and  held  between  the  thumb  and 
index  dnger  of  the  left  hand.  With  the  knife  held  in  the  right 
httnd,  the  potato  is  almost  completely  divided  in  the  direction 
which  will  give  the  largest  surface.  The  assistant  raises  tlie  cover 
of  the  damp  chamber,  and  the  potJito  is  introduced,  and  while  the 
knife  is  withdrawn,  allowed  to  fall  apart.  The  cover  is  quickly 
replaceil,  and  another  potato  treated  in  the  same  way,  is  placed 
in  the  same  damp  chamber.  The  four  halvefi  ni'e  then  quite  ready 
for  inoculation.  As  an  extra  precaution,  the  left  hand  is  again 
dipped  in  carbolic,  and  one  half  of  a  potato  is  taken  up  between  the 
tijw  of  the  thumb  and  index  finger,  care  being  taken  to  avoid 
touching  the  cut  surface.     Holding  it  with  its  cut  surface  vertical, 
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a  small  portion  of  the  substance  to  be  inoculated  is  placed  on  the 
centre  with  a  sterilised  platinum  needle.  With  a  sterilised  scalpel 
the  inoculated  substance  is  rapidly  spread  over  the  sui-face  of  the 
potato  with  the  flat  of  the  blade,  to  within  a  quarter  of  an  inch 
of  the  margin,  and  the  potato  is  then  as  quickly  as  possible  replaced 
in  the  damp  chamber.  With  another  sterilised  scalpel  a  small 
portion  of  the  potato  from  the  inoculated  surface  of  the  first  half 
is  in  the  same  way  spread  over  the  surface  of  the  second  half,  thus 
thinning  out  the  bacteria  as  in  plate-cultivations.  Exactly  the 
same  is  repeated  with  a  third  potato,  and  even  a  fourth,  so  that 
a  still  further  thinning  out  or  fractional  cultivation  of  the  micro- 
organisms may  be  obtained.  In  some  cases  it  is  necessary  to  place 
the  cultures  in  an  incubator  (Fig.  40) ;  others  grow  very  well  at  the 


Fig.  46.— Damp  Chamber  for  Potato-cultivations. 

temperature  of  the  room.  As  in  plate-cultivations,  the  potato  may 
also  be  inoculated  by  simply  streaking  it  in  lines  with  a  needle 
charged  with  the  material  to  be  cultivated. 

Potato  in  Test-tubes. — Large  surfaces  of  potato  are  employed  when 
we  wish  to  obtain  cultures  of  micro-organisms  in  considerable  quanti- 
ties, as  in  the  examination  of  the  products  of  chromogenic  bacteiia  ; 
but  under  ordinary  circumstances  potato  is  employed  in  test-tubes. 
The  central  portions  of  raw  potatoes  are  cut  out  in  cyHndrical  pieces 
with  a  cork-borer.  These  are  divided  obliquely  in  their  whole 
length,  and  each  half  is  placed  in  a  test-tube.  The  test-tubes  are 
plugged  with  cotton-wool,  and  then  steam  in  the  steam-steriliser 
for  twenty  minutes.  The  sloping  surface  is  inoculated  in  the  same 
way  as  obliquely  solidified  jelly,  and  the  advantages  are  greiit.  The 
cultures  ai-e  obtained  in  a  more  convenient  form,  and  there  is  less 
danger  of  contamination. 

Potato-paste  may  be  employed  when  it  is  desirable  to  obtain  an 
extensive  growth  of  certain  bacteria.  The  potatoes  are  boiled  for 
an  hour,  and  the  floury  centre  squeezed  out  of  the  skins.  This 
is  then  mashed  up  with  sufficient  sterilised  water  to  produce  a  thick 
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paste,  and  is  heated  in  the  steam  steriliser  for  half  an  hour  for  three 
successive  days. 

(k)  Preparation  and  Employment  of  Bread-Paste,  Vegetables, 

Fruit,  White  of  Egg. 

Some  micro-organisms,  more  esj^ecially  moidd  fungi,  grow  very 
well  on  bread-pciste.  This  is  prepared  by  removing  the  crust  from 
slices  of  bread  and  drying  them  in  the  oven.  They  ai*e  then 
l)roken  up,  and  ri'duced  to  a  fine  ix>wder  with  a  pestle  and  mortar. 
Small,  carefully  cleansed,  conical,  or  glol)e-shaped  flasks  are  plugged 
with  cotton-wool  and  sterilised  in  the  oven.  When  cool,  a  small 
quantity  of  the  powder  is  placed  in  them,  and  sterilise<l  water  added 
in  the  proportion  of  one  part  to  every  four  of  the  iwwder.  The 
paste  is  sterilised  by  steaming  in  the  steriliser  at  100°  0.  for  half  an 
hour  for  three  successive  days.  The  flasks  can  be  revei'sed,  and  may 
be  inoculated  with  a  platinum  needle. 

Boiled  carrots  and  other  vegetables,  and  various  kinds  of  stewed 
fruit,  are  also  <K'Ciisioually  emj)loyed  for  the  culti^'ation  of  bacteiia. 
The  sterihsation  of  these  media  must  be  carried  out  on  the  pnnciples 
already  explained. 

W^hite  of  egg  may  be  solidified  in  shallow  glass  dishes,  in  the 
steam  sterilit^er.  After  inoculaticm  the  dishes  should  be  phiced 
in  a  damp  chamber. 

JjQiH)  Media. 

(f)  Preparation  of  Sterilised  Broth,  Lk^uid  Blood  Serum, 
Urine,  Milk,  Vegetable  Infusions,  and  Artificial  Nourish- 
ing Liquids. 

Nutrient  li(|uids  are  still  largely  employed.  For  inoculation  ex- 
periments when  the  presence  of  gelatine  Is  uiulesirable,  for  studying 
the  physiology  and  chemistry  of  bacteria,  and  when  for  any  object 
a  rapid  growth  of  micro-organisms  is  nec(»ssary,  the  employment 
of  li(juid  metlia  is  not  only  advisable,  but  a])solutely  necessary. 
Li(pud  media  comprise  two  distinct  groups  natural  and  wrtificial. 
Natural  media  include  meat  broth,  blood,  urine,  milk,  and  vegetable 
infusions ;  artificial  media  are  solutions  ccmiposed  from  a  chemical 
formuhi  representing  essential  food  constituents. 

Broth  may  be  made  from  Wef,  pork,  chicken,  or  fish  in  the 
manner  which  has  lieen  descnbed  for  the  preparation  of  nutrient 
gelatine,  simply  with  omissicm  of  the  gelatine.     After  the  process 
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of  neutrali^idtion  with  CHrbonate  uf  sotlit  anluttoii,  llie  Uask  of  brotli 
is  plapfil  ill  the  steam  steriliser  for  half  an  hour  at  100°  V.  A 
clear  liquid  reeulte  on  filtrHtion  which  is  trnnsfeiTed  to  plugged 
sterilised  flanks  or  test-tiilws,  and  sterilisation  efTected  by  exposing 
tlieiu  in  the  stenni  Bterilisei-  for  half  an  lnmr  at  100°  V.  fiir  two 


Fig.  17— .^fp-ul 


(ir  thfee  suowsaive  days,  or  by  Hwing  the  apparatus  foi-  sterilising 
by  Mtesin  under  pleasure.  For  some  bacteria  a  moi'e  suitable 
ruitivating  mediiim  is  obtained  by  the  additioti  of  glycenne  or 
giiipe- sugar. 

Liquid  Blood  Serum. — T\w  prejiarutiun  of  blood  serum  has 
alit-ady  been  JffiMirilipil.  It  may  be  required  for  c\dtivutioii«  before 
tile  final  treatment  by>  which  it  is  solidified,  for  example,  in  the 
method  (if  drop-cidtivntion,  and  may  be  used  with  the  addition  of 
glycerine  nr  grape-sugar.     Hydrocele  flu'd,  ]ieritonitic  aud  pleuriric 
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effuaai^  can  tAao  be  employed  after  uteriliaition  in  the  steam 
steriliser.  The  fluid  fthould  be  withdrawn  with  a  sterilised  trocar 
and  cannula,  and  received  into  plugged  sterilised  flasks. 

Urine* — In  order  to  obtain  urine  free  from  micro-organisms  the 
following  precautions  must  be  observed  :  The  orifice  of  the  nrethra 
muift  be  thoroughlj  cleanserl  with  weak  carbolic.  The  first  jet  of 
urine  should  be  rejected,  and  the  rest  received  into  sterilised  vessels, 
which  must  be  quickly  closed  with  sterilised  plugs.  If  these  pre- 
cautions be  not  attended  to,  the  urine  must  be  rendered  sterile  by 
the  means  described  for  the  sterilisation  of  h^roth. 

Milk. — If  milk  has  been  drawn  into  sterile  flasks,  after  thoroughly 
cleansing  and  disinfecting  the  teats  and  hands,  it  may  be  kept 
without  change.  If  procurerl  without  these  precautions,  it  must 
be  steame<l  in  the  steriliser  for  half  an  hour  for  five  successive 
days. 

Vegetable  and  other  Inftudona. — Infusions  of  hay,  cucumber, 
and  turnip  are  used  for  special  purposes,  and  more  rarely  decoctions 
of  plums,  raisins,  malt,  and  horse-dung.  They  are  mostly  pre|Nired 
by  boiling  with  distilled  water,  after  maceration  for  several  hours. 
The  filtrate  is  received  into  sterile  flasks  and  sterilised  in  the  usual 
way  in  the  steam  steriliser. 

Artificial  Floidl. — Pasteur's  solution  is  prepared  bv  mixing  the 
ingredients  in  the  following  proportions  : — 

Distilled  water 100 

Pure  cane-sugar 10 

Ammonium  tartrate 1 

Ash  of  yeast "075 

Mayer's  mcKlification  of  the  nourishing  fluid  employed  by  Cohn  is 
as  follows :  — 


Distilled  water 

'20 

Ammonium  tartrate 

•2 

Phosphate  of  potassium 

•1 

Sulphate  of  magnesium 

•1 

Tri basic  calcium  phosphate   . 

•01 

Drop-cultures. — This  method  of  cultivation  is  a  particularly 
instructive  one.  It  enables  us  to  study  many  of  the  changes  which 
tak<)  placo  during  the  life  history'  of  micro-organisms.  This  is 
illustrated,  for  exjimple,  in  a  di*op-culture  of  the  anthrax  bacillus, 
in  which  we  can  watch  the  gradual  growth  of  a  single  bacillus  into 
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a  long  filament,  and  the  subeequent  development  of  blight  oval 
spores.  It  is  necessary  carefully  to  observe  the  minutest  details 
in  order  to  maintain  the  cultivation  pure.  An  excavated  slide  is 
thoroughly  cleaned,  and  then  sterilised  by  being  held  with  the 
cupped  side  downwards  in  the  flame  of  the  Bunsen  burner.  A  ring 
of  vaseline  is  painted  round  the  excavation,  and  the  slide  is  then 
placed  imder  a  glass  bell.  Meanwhile  a  carefully  cleansed  cover- 
glass  is  also  sterilised  by  passing  it  through  the  flame,  and  should 
be  deposited  on  a  sterilised  glass  plate.  With  a  sterilised  looped 
needle,  a  drop  of  sterile  broth  is  transferred  to  the  cover-glass, 
and  this  is  inoculated  by  touching  it  with  another  sterilised  needle 
charged  with  the  material  to  be  examined,  without  disturbing 
the  form  of  the  drop.     It  is  quite  suflicient  just  to  touch  the  di*op 


Fig.  48.— Drop  Cultivation. 
(a)  Drop  of  broth ;   (6)  layer  of  vaseline. 


instead  of  transferring  a  visible  quantity  of  blood,  juice,  or  growth, 
as  the  case  may  be.  The  slide  is  then  inverted  and  placed  over  the 
cover- glass,  so  that  the  di*op  \vill  come  exactly  in  the  centre  of  the 
excavation,  and  is  gently  pressed  down.  On  turning  the  slide  over 
again  the  cover-glass  adheres,  and  an  additional  layer  of  vaseline 
is  painted  round  the  edges  of  the  cover-glass  itself.  The  slide  must 
be  labelled,  and  if  necessary,  placed  in  the  incubator,  and  the  results 
watched  fi*om  time  to  time.  Instead  of  broth,  liquid  blood  serum 
may  be  employed  in  this  form  of  cultivation.  If  it  is  i*equired 
to  preserve  the  drop-cultivation  as  a  microscopic  preparation,  the 
cover-glass  is  gently  lifted  off  and  allowed  to  dry.  Any  vaseline 
adhering  to  the  cover-glass  should  be  wiped  off,  and  the  cover-glass 
can  then  be  passed  through  the  flame  and  stained  in  the  usual  manner. 
Afoiet  Cells, — Unless  drop-cultures  are  very  carefully  prepared 
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they  are  liable  to  dry  up,  if  kept  for  examination  for  Hevaral  days. 
Many  therefore  prefer  emplo3riug  a  uioint  cell,  of  which  there  are 
several  different  forms  in  UHe. 

The  dn>p-culture  slide  may  be  converted  into  a  moiMt  cell 
by  having  a  deep  groove  cut  round  the  circumference  of  the  con- 
ca\'ity.  This  groove  is  fille<l  with  stwlised  water  by  means  of  a 
pipette.  A  ring  of  vaseline  is  painted  with  the  camers-hair  brush 
outside  the  groove,  and  the  cover-glass,  with  the  drop-cultivation, 
is  inverte<l  and  placetl  over  the  concavity.  This  form  is  very  useful^ 
as  the  slide  can  be  easily  cleansed  and  effectually  sterilised  by 
holding  it  in  the  flame  of  the  Bunsen  burner. 

A    very   simple   form   of   moist   cell   recommende<l   by   Schafer 


Fig.  41).— Simple  Mcthod  of  Forminu  a  Moist  Ckli.. 

may  be  use<l  in  some  cjises,  but  ^Kissesst^s  the  disadvantage  of  not 
admitting  of  steiilisation  by  heat.  A  small  pie<*e  of  putty  or 
modelh'ng  wax  is  rolled  into  a  cord  about  two  inches  long  and  ^  inch 
thick.  By  uniting  the  ends  a  ring  is  foruuMl,  which  is  placed  on  the 
middle  of  a  clean  glass  slide.  A  drop  of  water  is  placeil  in  the 
centre  of  the  ring,  and  the  cell  roofed  in  by  applying  a  cover-glass. 

A  c^Ol  souiewhat  similar  in  form,  which  has  the  advantage  of 
permitting  of  thorough  cleansing,  may  be  C()nstructe<l  by  cementing 
a  glass  ring  with  flat  sui'facres  to  an  ordinary  slide.  Vaseline  is 
api)lied  with  a  camel's-hair  brush  to  the  upi>er  surface  of  the  ring, 
and  one  or  two  drops  of  water  i)laced  with  a  pijK^tte  at  the  bottom 
of  the  cell.  The  covt*r-glass,  with  the  preparation,  is  then  inverted 
over  the  cell  and  gently  pressed  down  iii)on  the  glass  ring.  The 
vaseline  renders  the  cell  air-tight,  and,  to  a  certain  extent,  fixes 
the  cover-glass  to  the  ring. 
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rm  Singes. — To  ap)ily  warmtfa  while  a  prepariitioii  is  under 
loiis  iihtiervutiou,  we  must  either  pliice  the  niicroM'ope  btxlily 


I  vithmn  speciRl  iiicubahir,  with  the  eye-iiiece  protniiiiiij^  tliiimgli  nn 
(ipetiiDg.  or  we  must  employ  some  means  of  ftpjilyiiig  liciit  dii-ectly 
to  the  preparation. 

A  simple  warm  stiige  m.'iv  lio  mmle  of  mi  "bloiig  cupppr  plate, 


two  inclK«  lung  by  one  inch  wide,  from  ane  xide  of  which  n  I'D!!  of 
the  sAme  material  pi'ojecte.     The  plate  has  a  rotmd  aperture  in  the 
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middle,  half  an  inch  in  diameter,  and  is  fastened  to  «n  wdio&ry 
xlide  with  sealiog-vax.  The  drop  to  be  examined  is  placed  on  a 
Urge-Bized  cover-glass  and  covered  with  a  smaller  one.  Olive  oil 
or  VHHeline  is  painted  round  the  edge  of  the  smaller  cover-glaes  to 
prevent  evaporation,  and  the  preparation  in  placed  over  the  aperture 
in  the  plate. 

The  slide  beating  the  copper  plate  is  clamped  to  the  stage  of 


¥u\.  na.— Ihrael'h  Wahhimj  Appahatlm  in  Opkb.itidn. 

the  miciiKtrupo.  Tlie  flame  uf  a  spirit-lamp  is  applied  to  the 
extremity  of  the  i-oil,  and  the  heiit  is  conducted  to  the  plate  and 

thence  ti-aufimitted  to  the  sjiecimen.  In  order  that  the  temperature 
of  the  oopiier  pliite  may  be  nppniximately  that  of  the  body,  the  lamp 
is  HO  adjusteil  that  a  fragment  of  cacHu  butter  and  wax,  placed  close 
to  the  prepanitiuu,  is  melted. 

Ignid's   Warmini/  App/irfUiui.-^It  in  obvious  that  in  employing 
very  high  |H>wen<  a  ditticulty  will  be  presented  by  the  warm  stages 


NUTRIENT  MEDIA   AND  METHODS  OF  CCLTIVATIOS. 


commonly   uaed    for  aocurate  obsorvatious,   auch   att    Schafei's  i)r 
Strieker's,  owing  to  their  interference  with  the  illumination.     To 


overcome   this  an  apparatus   has  been  constrncted   by  which    the 
iJide  is  warmed  from  above  (Figs.  52,  53). 

The  drop-culture  slides  are  provided  with  a  Hhallow  groove, '  1  mm. 
deep  and  1  mm.  broad,  cut  round  the  concavity.  Into  tliis  the 
iwer^lass   tits,   m>  that   its   upper   xiirface   ia   level   with  that  of 


ara 


Tl 


0. 


Fiii.  54.— Ihrael'h  Wahsisu  Appabailb. 

the  slide.     The  heating  npparatus  consiats  of  a  flat  (lisk-shn|H^l  liox 
n-ith  a  central  conical  aperture. 

The  entrance  and  exit  pipea  are  fixed  on  at  a  right  angle  to  the 
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Hide  {Fig.  54).  The  former,  s,  is  of  metal,  and.tbe  latter,  a,  of  glass 
fitted  wit)t  a  thermometer,  the  bulb  of  which,  it,  is  contained  within 
the  Ixtx.     A  partition,  «,  keeps  up  a  current  between  the  openings 


Carbomc  Acii>. 


of  the  piiHw,   which  are  supported   on  ii  Htiiud   and  connected  by 
tubiiiff  with  the  hot^wnter  supply. 

A  mixtuiv  of  jNirafline  and  vaaeline  ih  recommended  for  imlicating 
the  teuiperatui-u  of  the  chamt>er,  und  experience  haH  tihowri  that  if 
iL  temperatui'e  of  37°  0.  is  reijuired  the  tem{)erattire  of  the  water 
in  the  box  rniKt  nuipe  between  42°  and  47°  C. 


(iiii  Chahilmi-M. — To  investigatu  the  action  of  (jaweh  or  \-aiK>urh 
ijMin   iiiicro-oi'piiiiitmH,   a    miMliliciition    of   the    moist    cell    may    be 

A  piece  of  glass  tubing'  is  first  tixeil  to  the  Nliile  by  meuna  of 
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sealin^-WHs,  luiil  the  >-ing  of  putty  is  so  placed  hk  to  include  one  Piwi 
of  it,  leHviug  a  smiill  interval  at  the  side,  or  ii  little  uotch  is  muile 
iu  the  pnttv  opiiosite.  wi  ii-i  to  alTonl  an  fsit  for  tlie  guB  or  nipour. 


JV.  57.— Moist  Ckix  auaitki)  yon  TBASsMisaio.v  <iy  KusTiiu-n'v. 

Applicatimi  'if  Eleetrieiti/.—Ta  stiiHy  thi'  effect  of  eleetricity 
»i-e  iu«y  jtreiMire  u  ilrop-oultiii'e  iii  the  moist,  cell,  Tht»  cover- 
ghws  to  Iw    iise.I  is  pnniilerl  with  two  strips  of  thifuii,  wliidi  iin> 


iaoUtoil  from  the  bi'Hss  of  the  luiorcscupe,  and  so  aminged  that  u 
ciOToat  of  electricity  miiy  hn  passed  tlmmgh  them. 

A  much  simpler  plan,  which  may  abo  he  employed,  is  to  (Jike 
nu  ordiuan  ^\m^  slide  and  coat  the  sui-fare  with  gold-^ize.     Tlio 
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slide  is  then  pressed  firmly  down  on  gold-leaf  or  tinfoil  and  allowed 
to  dry.  When  dry,  the  metal  is  scraped  away,  leaving  two  triangles 
with  a  small  interval  between  them. 


Fio.  59.— Slidk  with  Gold- leak  ELECTRonEs. 

The  liquid  containing  the  micn)-organisms  is  placed  between  the 
electro<les,  covered  with  a  cover-glass,  and  then  subjected  to  the 
electric  current. 

(o)  Methods  of  Employing  and  Storing  Liquid  Media. 

Cultivations  in  li(piid  media  cmi  be  carried  on  in  test-tubes,  but 

it  is  more  satisfact<)ry  to  employ  sjiecial  forms  of  flasks,  bulbs,  and 

(J  tubes,  such  as  those  employed  by  Pasteur  and  his  school,  and  by 

Lister,  Sternberg,  and  Aitken. 

Listeria  FUiska.  — These  flasks  were  especially  introduced  by  Lister 

as  a  means  of  storing  liquid  nutrient  medifi. 
They  are  so  constructed  that  after  removal 
of  a  portion  of  the  contents,  on  restoring 
tlie  vessel  t(j  the  vertical  iKxsition,  a  di'op  of 
li<iuid  always  remains  in  the  extremity  of 
the  nozzle,  which  prevents  regurgitation  of 
unfiltered  air. 

Sternbert/a  Bulbs, — The  methcnl  of  intro- 
ducing liqtiid  into  the  bulb  employed  by 
Sternberg,  and  of  steiilLsing  and  inoctdatuig 
it,  is  as  follows  :  The  bulb  is  heated  slightly 

over  the  flame,  and  the  extremity  of  the  neck,  after  the  sealed  jioint 

has  been  broken  off,  is  plunged  beneath  the  suH'ace  of  the  liquid. 

As  the  air  cools  tlie  liquid  is  drawn  into  the  bidb, 

usually  filling  it  to  al)out  one-third  of  its  capacity. 

The  neck  of  the  flask  is  again  se^ilcMl  up,  and  the 

hquid  whicli  lias  been   introduced  is  sterilised  by 

repeatedly   boiling  the   flasks  in   the  water-bath. 

They  should  then  be  placed  in  the  incubator  for  two  or  three  days  ; 


Fig.  r»0.— Listkk's 
Flask. 


Fm.  01.-  Htern- 
BEHu's  Bulb. 
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Fig.  62.— Aitken'b 

TUBK. 


and  if  the  contents  remain  transparent  and  free  from  film,  they 
may  be  set  aside  as  stock-bulbs,  to  be  used  when  required. 

To  inoculate  the  liquid  in  the  bulb  the  end  of  the  neck  is  heated 
to  sterilise  the  exterior,  the  bulb  is  gently  warmed,  and  the  extremity 
of  the  neck  nipped  off  with  a  pair  of  sterilised  forceps.  The  open 
extremity  is  plunged  into  the  liquid  containing  the  micro-organisms, 
and  a  minute  quantity  enters  the  tube  and  mingles  with  the  fluid  in 
the  bulb  without  fear  of  contamination  by  atmospheric  germs.  The 
extremity  of  the  neck  is  once  more  sealed  up  in  the  flame  of  a 
Bunsen  burner. 

A  itken^s  Tubes, — These  tubes  ai*e  plugged  and  sterilised,  and  the 
nutrient  medium  introduced  as  into  oi*dinary  test-tubes.     Instead 

of  withdrawing  the  cotton-wool  plug,  they  are 
^  inoculated  through  a  lateral  arm.      The  sealed 

Bj  extremity    of     the    arm    is    nipped     off    with 

i  sterilised  forceps,  and  the  inoculating  needle  is 

I  carefully  introduced  through  the  opening  thus 

I  made.      It  is  directed  along  the  arm    until    it 

^  touches  the  opposite  side  of  the  test-tube,  where 

it  deposits  the  material  with  which  it  was  charged. 
The  needle  is  withdrawn,  and  the  end  of  the 
lateral  arm  again  sealed  up  in  the  flame ;  the  test-tube  is  then 
tilted  until  the  liquid  touches  the  deposited  material ;  on  restoring 
the  tube  to  the  vertical,  the  material  is  washed  down  with  the 
nutrient  liquid. 

Miguel* 8  BtUbs, — The  tube  d 
boide  of  Miquel  is  also  a  very 
useful  form.  It  consists  of  a 
bulb  of  50  cc.  capacity,  blown 
in  the  middle  of  a  glass  tube. 
The  part  of  the  tube  above  the 
bulb  is  contracted  in  two  places, 
and  can  either  be  left  quite 
straight  or  made  to  curve 
slightly.  Between  the  contrac- 
tions the  tube  is  plugged  with 
asbestos.  The  portion  of  the 
tube  below  the  bulb  is  S  shaped, 
and  drawn  out  at  its  extremity 

into  a  fine  point.  The  bulb  is  charged  with  nutrient  liquid  and 
inoculated  by  aspiration,  and  the  point  of  tlie  S  tube  sealed  in  the 
flame  of  a  Bunsen  burner. 

9 


Fig.  63.— MiguEL'8  Bulb. 
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PaaUta-'a  Apparattis. — Special  forms  of  tubes,  bulbs,  and  pipettes 
e  employed  by  the  school  of  Pasteur.  The  tabes  are  provided 
with  lateral  or  with 
curved  arms  drawn 
out  to  a  fine  point, 
and  with  slender 
necks  plugged  with 
cotton-wool.  A 
double  form  (Fig.  65) 
shaped  like  a  tuning- 
fork,  each  limb  with 
a  bent  arm,  is  con- 
venient for  storing 
sterilised  broth.  The 
sealed  end  of  an  arm  is  nipped  oS  with  sterilised  forceps,  the  sterile 


ls«th  aspirated  into  each  limb,  and  the  a 
flame ;  a  sericH  of  such  tubes  can  be 
arranged  upon  a  rack  on  the  working 
table. 

Bulbs  with  a  vertical  neck  drawn  out 
to  a  tine  point,  others  with  a  neck  bent 
at  an  obtuse  angle,  plugged  with  cotton- 
wool, and  a  lateral  curved  arm  drawn 
out  to  ft  fine  point,  are  also  empjoyeil. 
For  a  description  of  these  various  vessels 
and  their  s[)ecial  advantages,  the  works 
of  Pasteur  and  Duclaux  must  be  con- 
sulted. 


I  again  sealed 


(h)   UULTIVATIOS    of   ASAEEOBlt   BiCTEItlA. 

To  cultivate  anaerobic  organisms  the  same  media  are  employe<l 
as  for  aerobic  organisms,  but  the  methods  must  be  modified,  or  special 
apparatus  used,  so  that  the  onygen  in  the  air  may  be  excluded. 

In  the  preparation  of  plate -cultivations,  befoi-e  the  film  of  geliitiiie 
has  completely  hardened  it  is  covei-ed  with  a  sheet  of  mica,  and  tin- 
edges  are  sealed  with  melted  piralline.  By  this  process  the  nir  is  iio( 
completely  excluded,  so  thut  only  those  organisms  which  are  not 
strictly  anaerobic  can  be  grown  by  this  method.  Liboriiis  recom- 
mends boiling  a  considerable  volume  of  gelatine  in  a  tube,  cooling  it. 
and  after  thoroughly  distributing  the  organisms  in  the  still  liquid  ]e\\\, 
rapidly  soJiiUfying  it  by  placing  the  tube  in  iced  watef.     By  tliis 
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process  very  little  air  re-enters  the  jelly,  and  colonies  of  even  strictly 
anaerobic  bacteria  will  develop  in  the  lower  part  of  the  tube.  The 
drawback  is  the  difficulty  encountered  in  examining  the  colonies, 
^nd  in  preparing  sub-cultures.  For  this  purpose  the  tube 
must  be  broken,  or  carefully  warmed  until  the  jelly  can  be 
shaken  out. 

£smarch  first  prepares  a  roll  culture,  and  when  the  gelatine  film 
has  set,  the  tube  is  completely  filled  with  liquefied  gelatine  wliich  has 
been  cooled  down  almost  to  the  temperature  at  wliich  it  solidifies.  The 
same  difficulty  arises  as 
in  the  previous  method,  in 
the  examination  of  the 
colonies. 

Buchner  places  the 
culture  tube  inside  a  much 
larger  tube  containing  a 
small  quantity  of  pyro- 
gallic  acid  and  closed  with 
a  gutta-percha  cap.  The 
pyrogallic  acid  absorbs  the 
oxygen,  but  the  method 
is  not  altogether  success- 
ful. 

The  most  satisfactory 
plan  is  to  exhaust  the  air 
with  an  air  pump,  or  to 
substitute  an  atmosphere 
of  hydrogen  which  does 
not  affect  the  growth  of 
the  bacteria.  , 

Various  forms  of  flasks 

and  tubes  for  cultivating  ^^^   bG-Frankel's  Anaerobic  Tube-culture 
bacteria  have  been  devised,  ^^^^   qj^  ^^y^  through    which   hydrogen    is 

which  can    be  easily  con-  passed ;     6,     exit      tube ;     r,      india-rubber 

nected  with  an  exhausting  stopper     coated     externally     with    paraffin 

_  ...  (FRANKL!\NU). 

apparatus,     and     readily 

sealed  by  the  flame  of  the  blowpipe  when  the  air  has  been  removed. 

If  hydrogen  is  employed  the  most  convenient  plan  Ls  to  use 
a  Kipp's  apparatus,  from  wliich  the  hydrogen  is  passed  through 
two  bottles,  one  containing  a  solution  of  lead,  to  remove  any 
sulphuretted  hydi'ogen,  and  the  other  pyrogallic  acid,  to  intercept 
any  oxygen. 
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In  the  method  recommended  by  Friinkel  a  tube  of  gelatine  it 
litju^fied,  and  inoculated.  A  gutta-percha  stopper  is  eubittituted 
for  the  cotton-wool  plug  (Fig.  66).  It  is  perforated  by  two  holee, 
through  which  two  tubes  paKK  which  are  bent  at  a  right  angle. 
One  tube  only  jutit  pHtwee  through  the  stopper,  the  other  reaches 
down  to  the  bottom  of  the  teat-tube.  The 
horizontal  part  of  each  tube  haw  a  narrow 
neck.  The  long  tube  hsH  a  plug  of  steril- 
ieed  cotton-wool,  and  i§  connected  with 
a  liliort  piece  of  india-rubber  tubing  by 
which  it  can  be  connected  with  Kipp'H 
apparatuH.  Tlie  hydrogen  driv-es  the  air 
out  of  the  liquefied  jelly  and  out  of  the 
teat-tube,  and  after  about  half  an  hour 
the  horisiontal  tubee  are  maled  up,  and 
the  test-tube  ih  made  into  a  roll  culture. 

Liboriiui  employa  a  tube  with  a  narrow 
neck  and  a  lateral  arm  (Fig.  67).  The 
tube  iH  filled  up  to  the  height  of  the  arm 
with  either  nutrient  agar  or  a  mixture  of 
nutiient  agnr  with  2  per  cent,  of  grape- 
uugar.  The  liquefied  jelly  in  inoculated 
in  the  usual  way,  and  hytlrogen  pa»ted 
through  the  lateral  arm.  When  the  air 
has  been  completely  driven  out,  the  tube 
ix  Mealed  up. 

To  cultivate  anaerobic  organisms  in 
broth,  Kuch  us  the  totiinuH  bacillus,  a  flask 
in  inoculute'I  with  the  iMcilluK,  and  a 
Ktream  of  hydrogen  is  paiwed  through  the 
broth  by  meanei  of  a  tul>e  pawing  down  t<i  the  iMttom  of  the 
flask.  The  air  in  the  flawk  eHCHjieM  by  a  lateral  arm  which  is  bent 
down  at  a  right  angle,  and  immersed  in  a  cajmule  of  mercury. 
When  the  tiir  haa  been  completely  expelled  the  entrance  tube  ia 
hennetically  sealed,  and  the  mercury  in  the  capsule  prevents  any 
air  from  re-entering  the  flafk  by  the  lateral  arm  (Fig.  66). 


Metiioi)  of  Fixing  Cultures. 

The  colonies  in  plate-cultivations  and  the  growths  of  bacteria 
in  teat-tubes  may  be  stopped  at  any  stage  of  their  growth,  and 
permanently  fixed  by  exposing  the  culture  to  the  fumes  of  formic 
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aldehyda     The  test-tubes,  dishes,  or  capsules  are  placed  in  a  cylin- 
drical glass  vessel  containing  a  pledget  of  cotton- wool  moistened  with 


Fio.    68.— Apparatus   for    Anaerobic    Cultures. 

(ROBCOE  AND  LUNT.) 

formic  aldehyde.  The  vessel  is  fitted  with  a  ground  glass  stopper 
and  set  liside.  The  growth  almost  immediately  ceases.  Any 
liquefied  gelatine  is  hardened,  so  that  the  exact  appearances  of 
cultures  are  obtained  in  a  permanent  form. 


CHAPTEK  X. 

EXPERIMENTS   UPON   THE   LIVING   ANIMAL. 

To  carry  out  the  hist  of  Kcx;h*s  postulates,  and  so  complete  the 
(*hain  of  evidence  in  favour  of  the  causal  relation  of  micro-organiAmH 
to  disease,  and  to  study  the  uKMle  of  action  of  a  pathogenic  bacterium, 
it  is  necessary  to  intro<luce  into  a  living  animal  a  pui-e  cultivation 
of  the  micn)-organism  or  its  chemical  products.  For  this  purpoee 
various  animals  are  emjdoyed,  such  as  mice,  rabbits,  guinea-pigs, 
pigeons,  and  fowls. 

InJudatian, — The  animals  may  be  made  to  inhale  an  atmosphere 
impi'egnated  with  micro-organisms  by  means  of  a  spray.  In  this 
way  Friedlander  succeeded  in  adminisU^ring  the  bacteria  of  pneu- 
monia to  mice ;  and  the  pnxluction  of  tul)erculosis  by  ex])erimenttil 
inhalation  has  thn>wn  light  u[M)n  the  clinical  reconls  of  cases 
reiKrttcMl  as  instances  of  the  infwtiousness  of  phthisis. 

Imjestion, —  A  sheep  fed  uj)on  potatoes  which  have  l)een  the 
medium  for  the  cultivation  of  the  anthrax  bacillus  dies  in  a  few 
days.  Rubbits  fed  on  cabbage  sprinkled  with  a  cidture  of  the 
bacillus  of  f(»wl  cholera,  rapi<lly  succund)  to  the  disease.  Animals 
fe«l  upon  the  nodules  of  lK>vine  tul)erculosis  or  uj)on  tul)ercular 
rte^h  and  milk  will  be  readily  infected. 

Milk,  or  breiid  soak^l  in  milk,  is  a  very  convenient  medium, 
and  fnmi  a  public  health  iH>int  of  \'iew,  a  most  instructive  way  of 
administering  and  testing  the  effect  of  pathogenic  bacteria. 

Vaccination  and  Suf)ciUaneou8  IiwcuUition, — Vaccina ti<m  may  be 
performed  by  making  a  few  superficial  scratches  and  inoculating  the 
wound  with  a  steriliwnl  platinum  needle  charged  with  the  micro- 
organisms. Another  simple  method  is  to  take  a  sterdised  scalpel, 
infect  the  point  with  the  material  to  Im?  inocuLited,  and  then  make 
a  minute  puncture  or  incision.  In  either  case  a  situation  should  be 
selected,  such  as  the  root  of  the  ear,  which  cannot  be  licked  by  the 
animal  aft«r  the  operation. 

1H4 
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Subcutaneous  inoculation  is  very  simple  and  effectual,  and  con- 
sequently the  method  most  frequently  employed.  The  animal 
selected — for  example,  a  guinea-pig — ^is  held  by  an  assistant,  who 
covers  it  with  a  towel,  leaving  only  the  hind  extremities  exposed. 
By  so  doing,  and  gently  laying  it  upon  its  back,  with  itfi  head  low, 
a  guinea-pig  passes  apparently  into  a  state  of  hypnotism,  and  the 


Fig.  69.— Koch's  Syringk. 

trivial  operation  can  be  performed  with  little  or  no  movement  on  the 
part  of  the  animaL  From  a  spot  on  the  inner  side  of  the  thigh  the 
hair  is  cut  close  with  a  small  pair  of  scissors  curved  on  the  flat,  and 
the  skin  must  be  thoroughly  purified  with  1  in  20  carbolic  acid.  A 
smeill  fold  of  akin  is  then  pinched  up  with  a  pair  of  sterilised  forceps, 
and  with  a  pair  of  sharp  sterilised  scissors,  or  with  a  tenotomy  knife, 
a  minute  incision  is  made.  A  sterilised  platinum  loop  is  charged 
with  the  material  to  be  inoculated,  and  the  loop  is  gently  inserted 
under  the  skin,  forming  a  small  pocket  in  the  subcutaneous  tissue. 
The  needle  is  then  withdrawn,  and  the  sides  of  the  wound  gently 
pressed  into  apposition  and  painted  over  with  collodion. 


.^uU. 


.— JlJ•^J^^'35lv■ 


e 


Fig.  70.— -Syringe  with  Asbestos  Plug. 

In  inoculating  a  mouse  the  same  process  is  adopted,  with  the 
exception  that  the  root  of  the  tail  is  the  usual  site  of  the 
operation. 

In  some  cases  it  may  be  necessary  to  inoculate  cultures  diffused 
in  sterilised  salt  solution,  or  blood  or  lymph  containing  bacteria, 
or  a  culture  in  broth,  or  a  filtrate  containing  the  toxic  products, 
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and  then  a  lijpodermic  Kyringe  may  be  required.  One  of  the  ordinary 
pattern  may  be  used,  but  it  hi  very  much  better  to  employ  a  syringe 
which  haH  been  especially  constructed  to  admit  of  thorough  dis- 
infection. Koch's  syringe  is  a  convenient  form,  the  liquid  bong 
expressed  by  pressure  on  a  rubber  ball. 

The  author  has  generally  prefeired  to  improvise  a  substitute  for 
the  hyp(xlerniic  syringe  wliich  can  be  quickly  made,  and  is  destroyed 
after  use,  so  that  there  can  be  no  possible  risk  of  accidentally 
infecting  other  animals.  A  short  length  of  ordinary  glass-tubing  is 
sterilised,  and  plugged  at  one  end  with  sterilised  cotton- wool ;  about 
three  inches  from  the  plug  a  bulb  is  blown  about  the  size  of  a 
marble,  and  two  inches  below  this  the  glass  is  drawn  out  into  a  long 
capillary  tu1)e.  A  sufficient  quantity  of  the  liquid  to  be  injected  rises 
up  into  the  tul)e  by  capillary  atti*action,  or  can  be  drawn  up  by 
means  of  au  india-rubber  ball,  imtil  the  bulb  is  full.  The  point  of 
the  capillary  tulx)  is  inRei*ted  through  the  ojiening  in  the  skin,  and 
gently  pushed  into  the  sulx;utaneoiis  tissue,  and  then  niithdrawn  for 
a  sliort  distance.  By  pressure  on  the  bulb  the  contents  of  the  tube 
an»  injected.  In  dealing  with  chemical  products  there  is  no  risk  in 
applying  the  lips  and  blowing  out  the  contents  of  the  tube,  or  indeed 
of  filUiig  it  by  suction,  for  if  t(K)  mu(*h  force  were  applied  the  liquid 
which  might  outer  the  mouth  would  be  stop|)ed  by  the  cotton-wool 
plug. 

A  number  of  these  capillary  tubes  can  be  placed  in  a  small  case, 
and  when  it  is  necessary  to  go  to  a  distance  to  investigate  an  outbreak, 
they  will  1k>  found  most  c(mvenient  to  bring  back  lymph  or  blood  to 
the  lulK)nitorv  for  furtlier  study. 

Sternberg  takes  a  piece  of  glass-tubing,  blows  a  bulb  at  one  end, 
and  draws  out  the  other  end  into  a  thin  tul)e.  By  heating  the  bulb 
and  then  dipping  the  tube  into  the  liquid  to  l»e  inoculated  the  latter 
rises  in  the  tulje  as  the  bull)  c(K)1s.  After  inserting  the  iM)int  of 
the  tube  subcutjin(H)Usly  the  1>ulb  is  again  heatinl,  and  the  liijuid  is 
forceil  out  into  the  tissues. 

Intrax^nou^  Injection. — A  cultivation  of  niici'o-organisms  may  be 
mixed  with  steriliso<l  water,  and  then  injected  with  a  s}'Tinge  <lii*ectly 
into  the  circulation.  This  may  Ik*  i)erfornRHl  without  much  diilicultv 
by  injecting,  with  a  hyiHKlerniic  syringe,  the  large  vein  at  the  base 
of  the  ear  in  m1)1ats,  (»r  the  juguhir  vein  in  large  animals. 

SfH^cial  Oj)emtiov«.  In  many  castas  it  is  al)solut<*ly  necessary  to 
jHirforin  an  op<»ration  of  greater  severity.  After  the  administration 
of  an  anajsthetic,  infwtive  material  may  1h»  insert^nl,  or  injected,  into 
tlip  |M*rit<nieiil  c.ivity,  or  injecUnl  into  tli«»  ducMlenum  in  the  manner 
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employed  in  the  case  of  Koch's  comma  bacilli  by  Nicati  and  Kietsch. 
In  such  cases  antiseptic  precautions  must  be  rigidly  followed,  and 
use  made  of  iodoform  and  other  antiseptic  dressings.  The  disinfec- 
tion of  the  skin  of  the  animal,  of  the  instruments  employed,  and  of 
the  hands  of  the  operator,  are  details  essential  to  secure  success. 

To  inoculate  tubercular  matter,  sputum  may  be  rubbed  up  with 
distilled  water,  and  some  of  the  mixture  injected  into  a  tracheal 
fistula ;  or  the  first  steps  of  the  operation  of  iridectomy  may  be 
performed  and  tubercular  material  inserted  into  the  anterior  chamber 
of  the  eye,  but  this  method  is  only  justifiable  when  it  is  absolutely 
necessary  for  the  results  and  changes  to  be  observeil  from  day 
to  day. 

To  inoculate  rabbits  or  other  animals  with  the  virus  of  rabies^ 
the  skull  is  trephined,  and  an  emulsion  prepared  from  the  spinal  cord 
of  a  rabid  animal  is  injected  beneath  the  dura  mater. 

Before  every  inoculation  the  instruments  must  be  sterilised  in  a 
hot-air  steriliser  or  by  immersion  in  boiling  water  in  a  flat  dish  or 
enamel  tray  heated  by  a  spirit-lamp,  and  after  each  operation  all 
instruments  should  be  placed  in  carbolic  acid  (1  in  20)  or  in  boiling 
water,  wiped  dry,  and  again  steiilised  in  the  hot-air  sterilisei-,  before 
they  are  put  away.  If  these  precautions  are  not  observed,  instances 
of  accidental  infection  are  sure  to  occur. 

After  the  inoculation  is  completed  a  careful  record  must  be  made 
of  the  date  and  details  of  the  experiment.  The  form  in  which  the 
virus  was  used,  the  quantity  employed,  and  the  seat  of  inoculation, 
must  be  taken  into  account.  The  animals  must  be  kept  under  close 
observation,  the  temperature  taken,  and  any  signs  of  illness,  such  as 
ceasing  to  feed,  difficulty  in  breathing,  staring  coat,  and  any  local 
signs,  such  as  the  development  of  a  tumour  or  an  enlargement  of  the 
lymphatic  glands,  must  be  carefully  noted. 

It  is  perhaps  hardly  necessary  to  add  that  in  this  country  no 
experiments  of  any  kind  may  be  performed  on  li\*mg  animals  without 
a  license. 

Method  of  Dissection  and  Examination. 

All  animals  that  die  after  an  experimental  inoculation  should 
be  examined  immediately  after  death.  Every  precaution  must  be 
taken  in  conducting  the  dissection,  to  exclude  extraneous  micro- 
organisms, and  all  instruments  employed  must  have  been  steriliseii 
in  the  hot-air  steriliser,  or  by  immersion  in  boiling  water.  If  a  mouse, 
for  example,  has  died  after  inoculation  with  anthrax,  it  should  be  at 
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once  pinned  out  1)y  its  feet  on  a  slab  of  wood  or  in  a  gutta-percha 
tniy,  and  bathed  with  1  in  40  carbolic.  In  the  8ame  way,  before 
examining  a  dead  rabbit,  a  Htream  of  carVx>lic  Hhould  be  directed 
over  it  to  lay  the  fur,  which  other  wine  intei*fereB  with  the  dissection. 
The  hair  should  l)e  cut  away  with  Kterilined  scissors  from  the  seat 
of  inoculation,  which  is  the  first  part  to  be  examined,  and  any 
suppuration,  hsemon*hage,  oedema,  or  other  |>athological  change  should 
b<'  ctirefnlly  noted.  From  any  pus  or  exudation  that  may  be 
pivseut,  material  for  inoculations  should  at  once  be  taken,  and 
cover-glass- preparations  made  for  mici^oscopical  examinaticm. 

To  examine  the  internal  organs  and  to  make  inoculations  from 
the  blood  of  the  heart  or  spleen,  the  skin  is  cut  through  from  below 
upwards  in  the  meilian  line  of  the  abdomiiuil  and  thoracic  regions. 
The  abdominal  cavity  is  then  oi)ened,  and  the  walls  pinned  back 
on  either  side  of  the  animal.  Any  abnormal  appearances  in  the 
peritcmeum  shoidd  l)e  noted,  an<l  the  sttite  of  the  spl<?en  should  be 
carefully  examined  by  turning  the  intestines  aside.  After  noting 
its  apjHMirjinces,  it  should  1x3  removed  with  sterilised  foi-ceps  and 
scissors,  and  deposited  ui)on  a  steiilised  glass  slide,  and  incised  with 
sterilise<l  scissors.  The  cut  surface  is  then  touched  with  the  point 
of  a  sterilised  inoculating  nee<lle,  and  cultures  are  nuule  in  test-tubes 
of  nutrient  gelatine  and  agar-agar,  and  also  on  |X)tato,  and  m  broth 
in  tin.'  form  of  di\)p-cultivations.  Precisely  the  same  care  must  be 
taken  in  examining  lymphatic  glands,  tubercles,  or  pathological 
iKxlules  ;  any  chance  putrefactive  micro-organisms  on  the  -surface 
should  be  destroyed  ))y  airlK)lic  acid  or  the  actual  cauter}';  an 
incision  is  then  made,  and  a  minute  fragment  snipjKMl  out  of  the 
centre  of  the  ucKlule,  which  can  1h»  inoculate<l  in  the  living  animal  or 
transferred  t^)  a  cultivating  medium. 

The  examination  of  the  tliorax  is  made  by  cutting  through  the 
ril)s  <m  (hither  side  of  the  stt*rnum  with  sterilised  sc'issoi's,  ami 
turning  the  sternum  up  wliere  it  Aiill  be  out  of  the  way.  The 
periciirdium  is  then  opened,  an<l  the  right  aiu'icle  or  ventricle  pierced 
witli  the  jMnnt  of  a  sterilistnl  scali)el,  and  inoculations  and  cover- 
glass- preparations  are  made  from  the  bUxKl  which  escajxjs. 

The  lungs  also  rwpiire  to  be  (^specially  studied.  They  should  l>e 
incised  witli  a  stc^rilised  scalpel,  and  in(x;ulations  and  cover-ghuss- 
preparations  made  from  the  cut  siii'face.  It  may  l)e  necressiiry  to 
<'ml>ed  a  piece  of  lung  or  fragment  of  spleen,  so  that  it  shall  be  free 
from  air.  This  may  l)e  done  by  isolating  a  fi*agment  with  the 
precjiutions  just  descrilxnl,  and  deiK)siting  it  upon  the  suH'ace  of  a 
test-tube  of   nutrient   agar-agar.     The    contents   of   another   tube, 
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which  have  been  liquefied,  and  allowed  to  cool  almost  to  the  point 
of  gelatinisation,  must  then  be  poured  over  it.  From  a  ]^x)tato  a 
little  cube  must  be  cut,  the  tissue  deposited  in  the  trough  thus 
formed,  and  the  cube  replaced,  or  cultures  may  be  prepared  by  any 
of  the  methods  which  have  been  desci^ibed  for  dealing  with  anaerobic 
bacteria.  Blood  may  also  be  taken  directly  from  a  vein  by  laying  it 
bare  by  dissection,  making  a  small  opening  with  sterilised  scissors, 
and  inserting  a  looped  platinum  needle,  the  needle  of  a  hypodermic 
syringe,  a  capillary  tube,  or  the  extremity  of  the  capillary  neck  of 
a  8temberg*s  bulb.  If  the  cultivation,  in  spite  of  these  precautions, 
is  contaminated,  or  if  there  was  more  than  one  organism  prasent 
in  the  blood  or  tissues  under  examination,  it  will  be  necessary  to 
separate  the  different  kinds  by  plate-cultivation. 

Having  completed  the  dissection,  the  organs  of  such  a  small 
animal  as  a  mouse  may  be  removed  en  mnsae,  and  transferred  to 
absolute  alcohol  for  subsequent  examination.  In  other  cases  it  may 
be  only  necessary  to  reserve  portions  of  each  organ.  In  experimenting 
with  a  vunilent  micro-organism  like  anthrax,  any  remaining  part  of 
the  animal  should  be  cremated,  and  the  hands  and  all  instruments 
should  be  thoroughly  disinfected. 

Isolation  of  Micro-organisms  during  Life. — Micro-organisms  in 
the  living  subject  may  be  isolated  from  the  pus  of  abscasses,  or 
other  discharges,  and  from  the  blood  and  tissues.  Abscesses  should 
be  opened,  and  other  operations  performed,  when  practicable,  with 
Listerian  precautions,  and  a  drop  of  the  discharge  taken  up  with 
ti  looped  needle  or  capillary  pipette,  as  already  explained. 

To  make  a  cultivation  from  the  blood  of  a  living  person,  the  tip 
of  a  finger  must  be  well  washed  with  soap  and  water  and  sponged 
with  1  in  20  carbolic.  Venous  congestion  is  pix)duced  by  ai)plying 
an  elastic  band  or  ligature  to  the  finger,  which  is  pricked  with  a 
6terilised  sewing  needle.  From  the  drop  of  blood  which  exudes  the 
necessary  inoculations  and  examinations  can  be  made.  Another 
way  of  extracting  blood  from  the  living  patient  is  to  apply  a  leech. 
This  method  has  been  found  of  considerable  value  in  experimenting 
upon  the  blood  of  patients  suffering  from  malaria,  and  may  be 
useful  in  other  diseases,  if  the  blood  is  required  for  further 
examination,  or  in  quantity. 


CHAPTER  XI. 

EXAMINATION  OF  AIR,   SOIL,   AND   WATER. 

Air. 

The  air,  hh  \t>  well  known,  contains  in  sngjiension,  mineral,  animal^ 
and  vegetable  sub^tiincc^H.  The  mineral  world  i8  rapreaeuted 
by  such  suliKtances  as  niUca,  nilicate  of  aluminium^  carbonate  and 
])hos{)at«  of  calcinm,  which  may  be  raised  from  the  Aoil  by  the 
wind,  and  i)ai*ticleH  of  curlx)n,  etc.,  which  gain  acceua  from  acci- 
dental souirts.  Belonging  to  the  animal  kingdom  we  find  the 
flthrtH  of  {K^rislKHl  civatures,  us  well  as,  HometimeH,  living  animala. 
The  vegetable  world  supplies  micnxrocci,  bacilli,  and  other  fomift 
of  the  giiMit  family  of  bacteiia,  spores  of  other  fungi,  pollen  aeeds, 
iuii*ts  of  Howers,  and  so  f<}i-th.  The  air  of  hospitals  and  sick  roouM 
has  ))een  foun<l  to  l)e  (*s{)ecially  rich  in  vegetable  forma;  fungi 
ami  s]K)res  have  been  stat<Ml  to  be  present  in  particularly  large 
nunibei-s  in  cholera  wards;  sjx)r(»s  of  tricophj'ton  have  been  dia- 
covere<l  in  the  air  of  hospitals  for  diseas(*s  of  the  skin,  and  of  aehorion 
in  wards  with  cas<w  of  favus.  The  tubercle  bacillus  is  said  to  have 
l>eeii  detected  in  tli(>  l)ri*atli  of  patients  suiTeniig  from  phthisis. 

Tiiesc  {K)int<  indicate  that,  in  addition  to  the  intei*est  for  the 
micro- biolngist,  consiclerable  imiMiHance,  from  a  hygienic  i)oint  of 
view,  must  Ik*  attacb(>d  to  the  syst4>matic  examination  of  the  air. 
A  knowletlt^e  of  the  niicrolH^  which  are  foun<l  in  the  air  of  mamhy 
and  other  unhealthy  tlistncts,  and  in  tht>  air  of  towns,  dwellingSy 
hospitals,  workshops,  factories,  and  mines,  will  Ik*  of  practical  value. 

MitpK^l,  who  has  particularly  studied  the  bacteria  in  the  air, 
has  foiuid  that  their  number  varies  consiilerably.  The  average 
numlKM*  \H'V  cubic  metre  (»f  air  for  the  autumn  quailer  at  Mont- 
souris  is  jriven  as  142,  winter  (piarter  10,  spiing  quarter  85,  and 
sumnuM'  quarter  lOf).  In  air  coIUhIimI  2,000  to  4,0(M)  meti*es  aliox'e 
tile  s(M-leveI,  not  a  single  bacterium  or  fungus  si)oi*e  was  found, 
whih'  in  10  cubic  nu'tn»s  of  air  from  the  Rue  de  Rivoli  (Paris)  the 
numb»M-  was  computed  at  55,000. 

no 
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The  simplest  method  for  examining  the  organisms  in  air  consists 
in  exposing  plates  of  glass  or  mici*oscopic  slides  coated  with 
glycerine,  or  with  a  mixture  of  glycerine  and  grape  sugar,  which  is 
stable,  colourless,  and  transparent.  Nutrient  gelatine  spread  out  on 
glass  plates  may  be  exposed  to  the  air  for  a  certain  time,  and  then 
put  aside  in  damp  chambers  for  the  colonies  to  develop.  Sterilised 
potatoes,  prepared  in  the  usual  way,  may  be  similarly  exposed.  In 
both  the  last-mentioned  methods  separate  colonies  develop,  which 
may  be  isolated,  and  pure  cultivations  carried  on  in  various  other 
nutrient  media.  Nutrient  gelatine  has  also  been  employed  in  the 
a$pecial  methods  of  Koch  and  Hesse. 

Koch^s  Apparatus. — This  consists  of  a  glass  jar,  about  six  inches 
high,  the  neck  of  which  is  plugged  with  cotton-wool.  In  the 
interior  is  a  shallow  glass  capsule,  which  can  be  removed  by  means 
of  a  brass  lifter.  The  whole  is  sterilised  by  exposure  to  150°  C. 
for  an  hour  in  the  hot-air  steriliser.  The  nutrient  gelatine  in  a 
stock-tube  is  liquefied,  and  the  contents  emptied  into  the  glass 
capsule.  The  jar  is  exposed  to  the  air  to  be  examined  for  a  definite 
time,  the  cotton  -wool  plug  replaced,  and  the  apparatus  set  aside  for 
the  colonies  to  develop. 

Hesse's  Appat^aius, — The  advantage  of  this  apparatus  is  that  it 
enables  the  experimenter  to  examine  a  known  volume  of  air.  A 
glass  cylinder,  70  cm.  long  and  3*5  cm.  in  diameter,  is  closed  at  one 
end  by  an  india-rubber  cap,  perforated  in  the  centre.  Over  this  fits 
another  cap,  which  is  not  perforated.  The  opposite  end  of  the 
cylinder  is  closed  with  a  caoutchouc  stopper,  perforated  to  admit 
a  glass  tube  plugged  with  cotton-wool.  The  tube  can  be  connected 
by  means  of  india-rubber  tubing  with  an  aspirating  apparatus, 
which  consists  of  a  couple  of  litre-fl»isks,  suspended  by  hooks  from 
the  tripod-stand  which  supports  the  whole  apparatus.  The  cylinder, 
caps,  and  plug  are  washed  with  solution  of  carbolic  acid,  and 
then  with  alcohol.  After  being  thus  cleansed,  50  cc.  of  nutrient 
gelatine  are  introduced,  and  the  whole  sterilised  by  steaming  for 
half  an  hour  for  three  successive  days.  After  the  final  sterilisation, 
the  cylinder  is  rotated  on  its  long  axis,  so  that  the  nutrient  medium 
solidifies  in  the  form  of  a  coating  over  the  whole  of  the  interior. 
When  required  for  use,  the  cotton- wool  plug  is  removed  from  the 
small  glass  tube,  and  the  latter  connected  with  the  upper  flask  by 
means  of  the  india-rubber  tubing. 

The  apparatus  is  placed  in  the  air  which  is  to  be  examined,  the 
outer  india-rubber  cap  removed  from  the  glass  cylinder,  and  the 
upper  flask  tilted  until  the  water  begins  to  flow  into  the  lower  one. 
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The  emptying  cuntimies  by  inphoik  acrtioii,  tind  air  in  drawn  in  along 
the  cylinder  tu  Fe[ilaco  the  water.  When  the  uppei-  flask  is  empty, 
the  jioMtiou  of  the  two  in  revemed,  and  the  flow  again  started. 
When  a  fiuflicieut  volume  hue  been  drawn  through  t)te  cylinder,  the 
oi]t«r  iiip  and  the  cotton-wuol  plug  are  replaced,  and  it  ie  net  aside 
for  the  colunieH  to  develop.  An  im  example,  twenty-five  litrett  of  air 
from  iin  ajteu  Mjiinre  in  Berlin  gave  riw  to  three  oolonieit  of  baeterin 
mill  Kixtepn  moulds ;  on  the  other  hand,  two  litre*  from  a  srhonl- 


iiK>m  just  vncnti'il  liy  the  st^hohirs  gave  thii-ty-soven  colonies  of 
Imcteria  and  thirty-three  moulds. 

Porous  BiiliMtiiiini's,  such  iis  sand,  jHtwderod  glasM,  or  sugar,  may 
Ihi  used  for  the  filtriitioii  of  siiiiiple.4  nf  iiii' ;  and  an  apparntus  is 
PMiidoycd  in  a  convenient  form  to  lie  (■oi]veye<l  to  the  lalwratory  for 
tht'  siihBei|iient  examination. 

I'etri'8  A/ijxinUiin  consists  of  a  gliwH-tiihe  9  (!m,  long,  containing 
Iwci  sand- til teiw  m-iMiriited  from  each  other.  A  known  volume  of  air 
is  uspiruti'd  thiiaigh  tJic  tuUt.     The  biicteriu  iiiv  iirre:st<Kl  and  can 
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be  exHuiined  by  spreadiug  the  sand  out  in  a  dish  and  covering  it 
with  nutrient  gelatine ;  or  it  may  be  shaken  iip  with  steiilised  watei- 
and  plate- ctdtivations  prepared.  The  sand-filter  nearest  to  tht> 
aspirator  should  remain  free  from  bacteria. 

Sedgiciek  and  T-ueker  employ  a  glasa  cylinder  which  is  drawn  out 
at  one  end  into  a  narrow  tube  to  contain  sterilised  powdered  caiif 
sugar.  Both  ends  of  the  apparatus  are  plugged  with  sterilised 
cotton-wool.  By  means  of  an  exhausting  appai-atus  a  known  volume 
of  air  is  drawn  through   the  tube.     The  cotton-wool  plug  if  !'<■- 


Fig.  72.— »Eiiawic 
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moved,  and  liquid  gelatine  is  introduced  into  the  cylinder,  the 
plug  is  replaced,  and  the  sugar  is  shaken  into  and  quickly  dissolve.- 
in  the  jelly.  The  cylinder  in  then  treated  in  the  same  way  as  » 
roll-culture,  and  set  aside  for  the  colonies  to  develop  (Fig.  T2). 

Various  forms  of  "  aeroscopes  "  and  "  aeroniscopes "  ha\«  from 


time  to  time  been  employed.     Pouchet's  aeroscope  eonsKtw  of  a  small 
foDoel,  drawn  out  to  a  point  below  which  i»  a  glass  slip  coated  with 
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glycerine.  The  end  of  the  funnel  and  the  glass  slip  are  enclosed 
in  an  air-tight  chamber,  from  which  a  small  glass  tube  passes  out 
and  is  connected  by  india-rubber  tubing  with  an  aspirator  (Fig.  73). 
The  air  passing  down  the  funnel  strikes  upon  the  glycerine,  wliich 
arrests  any  solid  particles.  For  a  full  description  of  the  apparatus 
employed  by  Maddox,  Cunningham,  and  Miquel,  reference  should 
be  made  to  the  writings  of  these  authors,  and  particularly  to  the 
treatise  published  by  the  last-named. 

Soil. 

Surface  soil  is  exceedingly  rich  in  bacteria.  Miquel  has  com- 
puted that  there  exists  in  a  gramme  of  soil  an  average  of  750,000 
germs  at  Montsouris,  1,300,000  in  the  Rue  de  Eennes,  and  2,100,000 
in  the  Rue  de  Monge.  As  agents  in  putrefaction  and  fermenta- 
tion they  play  a  very  important  r&U  in  the  economy  of  nature ; 
but  there  exist  in  addition,  bacteria  in  the  soil  which  are  patho- 
genic in  character.  Pasteur  has  succeeded  in  isolating  the  bacillus 
of  anthrax  from  the  earth.  Sheep,  sojourning  upon  a  plot  of 
ground  where  animals  with  anthrax  have  been  buried,  may  succumb 
to  the  disease.  Pasteur  considered  that  the  spores  were  conveyed 
by  worms  from  buried  carcasses  to  the  surface  soil.  The  bacilli 
of  malignant  (edema  and  tetanus  are  also  present  in  soil.  Nicolaier 
produced  tetanus  in  mice  and  rabbits  by  inoculating  a  little  garden 
earth  under  the  skin. 

To  obtain  a  cultivation  of  the  microbes  in  soil  a  sample  of  the 
latter  must  be  first  dried  and  then  triturated.  It  may  then  be 
shaken  up  with  distilled  water,  and  from  this  a  drop  transferred  to 
sterilised  broth.  The  employment  of  solid  media  is,  however, 
much  more  satisfactory :  a  sample  of  earth  is  collected,  dried,  and 
triturated,  and  a  small  quantity  sprinkled  over  the  surface  of 
nutrient  gelatine  prepared  for  a  plate-cultivation.  In  another 
method  the  gelatine  is  Hquefied  in  a  test-tube,  the  powder  added, 
and  distributed,  in  the  usual  way,  throughout  the  niediuui,  which 
is  then  poured  out  upon  a  glass  plate  or  made  into  a  i-oll-culture. 
In  the  same  way  the  dust  which  settles  from  the  air  in  liouvses  and 
hospitals,  or  food  substances  in  powder,  may  be  distributed  in 
initrient  gelatine,  and  examined  both  for  aerobic  and  anaerobic 
bacteria.  The  different  kinds  which  develop,  must  be  tlioroughly 
investigated  as  regards  their  morphological  and  biological  chai-ac- 
ters,  and  pathogenic  proi)erties. 
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Water. 

In  the  case  of  water,  as  in  that  of  air,  a  knowledge  of  the 
micro-organisms  which  may  be  present  is  not  only  of  interest 
to  the  bacteriologist,  but  of  the  greatest  importance  in  practical 
hygiene.  Common  putrefactive  bacteria  and  vibrios  may  not  be 
hurtful  in  themselves,  but  they  indicate  the  probability  of  the 
presence  of  organic  matter  in  which  there  may  be  danger.  The 
detection  of  Bacillus  coli  communis  may  be  taken  to  indicate  a 
probable  contamination  with  human  excreta. 

The  Microzyme  Test  which  was  introduced  for  the  detection 
of  putrefactive  bacteria,  consisted  in  adding  three  or  four  drops  of 
the  sample  of  water  to  1  or  2  cc.  of  Pasteur's  fluid,  the  nourishing 
fluid  having  been  previously  boiled  in  a  sterilised  test-tube.  If  the 
microzymes  or  their  germs  existed  in  the  water,  the  liquid  in  a  few 
days  became  turbid  from  the  presence  of  countless  Jbacteria.  This 
test  is  of  no  real  value,  for  it  does  little  more  than  indicate  that 
bacteria  are  present,  which  we  know  to  be  the  case  in  all  ordinary 
water,  and  even  in  ice.  On  the  other  hand,  the  bacteiiological  test 
of  Koch  is  a  most  valuable  addition  to  the  usual  methods  of  water 
analysis.  It  enables  us  not  only  to  detect  the  presence  of  bacteria, 
but  to  ascertain  approximately  their  number,  and  to  study  very 
minutely  their  morphological  and  biological  characteristics.  The 
importance  of  a  thorough  acquaintance  with  the  life-history  of  the 
individual  micro-organisms  cannot  be  too  strongly  insisted  upon. 
For  example,  by  such  means  the  spirillum  of  Asiatic  cholera  can 
be  distinguished  from  most  other  comma-shaped  organisms,  and 
inasmuch  as  its  presence  may  be  an  indication  of  contamination 
Mrith  choleraic  discharges,  such  water  should  be  condemned  for 
drinking  purposes,  even  though  we  are  not  yet  in  a  position  to 
affirm  that  the  microbe  is  the  cause  of  the  disease.  The  detection 
of  the  bacillus  of  typhoid  fever  or  of  the  Bacillus  coli  communis 
in  suspected  water  or  milk  would  be  evidence  of  considerable 
importance. 

Koch's  test,  in  short,  consists  in  making  plate-cultivations  of  a 
known  volume  of  water,  counting  the  colonies  which  develop, 
isolating  the  micro-organisms,  and  studying  the  characters  of  each 
individual  form. 

CoUeciian  and  Transport  of  Water  Samples, — Sternberg's  bulbs, 
or  Erlenmeyer's  conical  flasks  of  about  100  cc.  capacity,  may  be 
employed  ¥dth  advantage  for  collecting  the  samples  of  water.  The 
latter  are  cleansed,  plugged,  and  sterilised  in  the  hot-air  steriliser. 

10 


146 


nACTEBIOLOUY. 


When  reqiiireJ  for  use,  the  plug  is  removerl  and  held  between  the 
fingers,  which  miwt  not  touch  tlie  piirt  which  enters  the  neck  of 
the  flask.  About  30  cc.  of  the  water  to  be  ejtaniined  ai-e  intro- 
duced into  the  flnsk,  and  the  plug  mu£t  be  quickly  rephin>d  aud 
covered  with  a  caoiitchoue  cap.  If  collected  fi-om  a  tap,  the  water 
should  first  be  allowed  to  ruu  for  a  few  minutes,  aud  the  sample 
ttheuld  be  received  into  the  Rtuik  without  the  neck  coming  into  contact 
with  the  tap.  From  a  reservoir  or  stream,  the  flasks  may  be  filled 
by  employing  a  sterilised  pipette.  During  transjwrt  contact  between 
the  water  and  cotton-wool  plug  must  be  avoided,  and  if  likely  to 
occur  the  sample  must  be  collected  and  forwarded  in  a  Sternberg's 
bulb. 

SxaminatioH   by   PlaU-cultivation.- — The    apparattiii    for    plate- 
cultivation  should  be  arranged  as  already  described.     Orusbed  ice 


may  be  added  to  the  witt«r  in  the  glass  dish  to  expedite  the  setting 
of  the  gelatine,  so  that  the  piitte  may  be  transferred  ns  quickly 
as  possible  to  the  damp  chamber.  The  caoutchouc  cap  is  removed 
from  the  flask,  and  the  cottun-wool  plug  singed  in  the  flame  to 
prevent  eontiimi nation  from  adventitious  germs  on  the  outside  of 
the  plug.  The  flask  is  then  held  slantingly  in  the  hand,  and  the 
plug  twisted  out  and  retained  between  the  lingers .  With  a 
graduat«d  jiipett*  a  measured  quantity  (^'^  or  j^  cc.)  of  tlie  sample  is 
transferred  to  a  tube  of  liquefie^l  nutrient  gelatine,  and  the  plugs  of 
the  flaKk  and  of  the  tube  quickly  replaced.  If  the  water  is  very 
impure,  it  may  be  necessary  to  first  dilute  the  sample  with  sterilised 
water.  The  inoculated  tube  must  be  gently  inclined  Iwickwai-ds  and 
forwai-ds,  and  rolled  as  already  explained,  to  distribute  the  germs 
throughout  the  gelatine,  and  tbe  gelatine  finally  pnurefl  on  a  plate. 
When  the  gelatine  has  set,  tbe  plat«  is  transferred  to  a  damp 
chamber,  which  should  be  carefully  labeUed  and  set  aside  in  a  place 
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of  moderate  temperature.  In  about  two  or  three  days  the  cultivation 
may  be  examined.  In  some  cases  the  colonies  may  be  counted  at 
onoe ;  more  frequently  they  are  so  numerous  that  the  plate  must 
be  placed  on  a  dark  background,  and  a  special  process  resorted  to. 
A  glass  plate,  ruled  by  horizontal  and  vertical  lines  into  centimetre 
squares,  some  of  which  are  again  subdivided  into  ninths,  is  so 
arranged  on  a  wooden  frame  that  it  can  cover  the  nutrient -gelatine 
plate  without  touching  it  (Fig.  74).  A  lens  is  used  to  assist  in  dis- 
covering minute  colonies.  If  then  the  colonies  are  very  numerous, 
the  number  in  some  small  division  is  counted,  if  less  in  some  large 
one,  and  an  average  is  obtained  from  which  the  number  of  colonies 
on  the  entire  surface  is  calculated.  A  separate  calculation  of  the 
liquefied  colonies  should  be  also  made,  and  their  number,  as  well 
as  the  total  number  of  colonies  present  in  1  cc.  of  the  sample, 
recorded.  Any  peculiar  macroscopical  appearances,  colours,  etc., 
should  be  noted,  and  then  the  microscopical  appearances  of  the 
colonies  studied.  Lastly,  examination  of  the  individual  organisms 
should  be  made  by  cover-glass  preparations,  and  by  inoculation  of 
nutrient  gelatine,  potatoes,  and  other  media. 

Instead  of  plates,  Petri's  dishes  may  be  used  both  for  gelatine 
And  agar-agar  cultivations. 
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Fig.  75.— Esm arch's  Roll-Culture. 
41,  India-rubber  cape ;  b  b  b^  longitudinal  line  drawn  on  the  tube ;  c.c.c,  transverse 

lines  for  counting  colonies  (Frankland). 

Another  plan  is  to  take  a  measured  quantity  of  the  sample  of 
water  and  prepare  a  roll-culture,  using  a  large-sized  test-tube 
(Fig.  75).  The  colonies  can  be  counted  with  the  aid  of  a  lens  (Fig.  76). 
Microscopical  preparations  and  sub-cultures  can  be  made  from  the 
colonies,  and  the  anaerobic  bacteria  can  be  examined  by  FrankePs 
modification  of  this  method  (p.  131). 

A  drop  of  the  sample  of  water  may  also  be  added  to  liquefied 
nutrient  gelatine  in  a  test-tube,  the  organisms  distributed,  and  the 
gelatine  allowed  to  solidify  in  the  tube.  A  rough  comparison  of 
water  samples  may  be  made  in  this  way. 

Microscopic  Examination, — A  drop  of  the  water  may  be  mounted 
and  examined  without  staining ;  or  allowed  to  evaporate  on  a  cover- 
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gliins,  which  is  then  passed  through  the  flame,  and  stained  in  the 


Farietti'fl  Method. — As  typhoid  fever  bacilli  are  apt  to  be 
ci'owded  out  by  more  rapidly  growing  micro-organisms,  some  method 
had  to  be  devised  for  reatraining  the  growth  of  the  latter,  and 
Chantemesse  and  Widal  suggested  the  use  of  tarbolic  Hcid.  Parietti 
put  this  into  practi(»  by  the  method  he  introduced.  This  consists  in 
adding  to  tubes  of  bi-oth  about  live  drops  of  a  mixtui-e  composed  of 
stei'Dised  water  (100  parta),  liydrochloric  acid  (4  parts),  imd  carbolic 
acid  (5  pai-ts).  The  tubes  iire  first  tested  by  incubation,  and  are 
then  ready  for  use.     A  few  drop»  of  the  suspected  water  are  added 
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to  the  broth,  and  if  it  becouiea  turbid  in  a  day  or  two  the  typhoid 
fever  bacillus  is  present  in  the  foi'Ui  of  a  piire-cultiu'e. 

All  excess  of  bacteria  in  a  fi-esh  sample  indicates  an  excess  of 
organic  matter,  and  points  to  possible  contamination  with  sewage. 
Whei'B  there  is  such  contamination  we  are  very  likely  t*)  find 
pathogenic  bacteria ;  and  moreover  impure  water  is  a  constant 
source  of  danger,  fur  if  the  contagia  nf  infectious  diseaseu  arti 
introduced  they  will  retjiin  their  i-itality  in  such  water  for  a  long 
period,  and  will  in  some  cases  even  multiply,  whereas  the  same 
organisms  introduced  into  pui'e  water  would  in  a  short  time  perish. 

The  actual  number  of  bacteria  in  water  is  not  of  verj-  gi-eat 
importance,  and  it  must  be  rememl>ered  that  if  a  sample  is  set  aside 
for  a  few  days  there  will  be  an  enormous  increitae  in  the  numljer 
of  Imcteria  present;  but  in  dealing  with  perfectly  fresh  samples 
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may  be  said  that  water  containing  less  than  100  bacteria  to  the 
cubic  centimetre  is  very  pure  water.  Water  containing  1,000  or 
more  should  be  filtered.  Water  containing  100,000  to  1,000,000 
is  contaminated  with  surface  water  or  sewage.  It  is  necessary  to 
bear  in  mind  that  in  typhoid  fever  and  Asiatic  cholera  the  excreta 
contain  the  bacteria  in  great  numbers,  and  wells  and  streams 
receiving  surface  water  may  be  contaminated  in  various  ways. 
The  cholera  bacillus  dies  as  a  rule  quickly  in  distilled  water,  while 
it  preserves  its  vitality  for  a  long  time  in  water  of  a  bad  quality. 

It  is  necessary  to  lay  stress  upon  the  fact  that  a  bacterio- 
logical analysis  may  show  the  presence  of  pathogenic  bacteria  when 
their  detection  is  not  possible  by  any  other  means.  They  may 
be  present  in  water  in  such  small  numbers  that  no  chemical 
analysis  would  detect  any  contamination,  but  as  they  are  living 
organisms  capable  of  increasing  in  a  suitable  environment,  they  can 
readily  be  discovered  by  bactenological  methods. 

The  examination  of  rain  water,  drinking  water,  taip  water,  sea 
water,  various  liquids  and  infusions,  by  these  methods,  opens  up 
a  wide  field  for  i*esearch.  Pettenkofer  has  shown  that  impregna- 
tion of  water  containing  many  bacteria  with  carbonic  acid  diminishes 
the  number  of  the  latter.  The  examination  of  waters  before  and 
after  filtration,  or  after  addition  of  chemical  substances,  are  matters 
which  require  further  investigation,  though  a  great  deal  of  work  has 
already  been  accomplished.  The  reader  will  find  in  Micro-organisms 
in  Water  by  P.  and  G.  Frankland,  a  very  complete  account  of  this 
subject  with  valuable  analytical  tables. 


CHAPTER  XII. 

PHOTOGRAPHY   OF   BACTERIA. 

Thb  production  of  pictures  of  microscopic  objects  by  photographic 
means  was  attempted  at  an  early  date.  Some  authorities  regard 
the  very  earliest  recorded  experiments  as  being  the  first  experi- 
ments alike  in  photography  and  micro-photography.  The  experi- 
ments of  Wedgwood  and  Sir  Humphry  Davy  were  embodied  in 
a  paper  read  before  the  Royal  Institution  in  1802.  They  obtained 
with  the  solar  microscope  impressions  upon  paper,  and  with  greater 
success  upon  white  leather,  though  the  results  were  transitory  when 
exposed  to  daylight. 

In  1816  Nic^phore  Niepce  described  his  experiments  in  con- 
nection with  fixing  the  image  obtained  by  the  camera.  He  was 
at  first  only  able  to  obtain  negatives,  and  these  were  transitory. 
But,  after  joining  with  Daguerre,  who  had  been  experimenting 
in  the  same  dirtctiou,  a  process  was  invented  which  was  published 
in  1839  under  the  name  of  daguerreotype. 

This  invention,  and  the  rapid  improvements  which  followed, 
were  taken  advantage  of  by  Reade,  Donn^,  Hodgson,  Kingsley,  and 
Talbot,  who  were  early  workers  in  the  field  of  micro- photography. 

So  early  as  1845  it  is  stated  that  Donne  produced  a  work 
illustrated  with  engi'avings  copied  from  daguerreotypes. 

Subsequently  this  interesting  branch  of  photography  was  taken 
up  by  many  in  France  and  Germany,  in  America,  and  in  England. 
Of  those  to  whom  we  are  indebted  for  the  literature  of  the  subject, 
and  for  many  improvements,  the  names  of  Wenham,  Dancer, 
Draper,  Maddox,  Shadbolt,  Redmayne,  Woodward,  Highley,  Deecke, 
Moitessier,  Gerlach,  Koch,  Sternberg,  Frankel,  Pfeiffer,  and  Pringle 
may  especially  be  mentioned. 

Of  these  workers  the  name  of  Woodward  stands  pre-eminently 
foremost.  His  skill  in  microscopical  manipulations,  combined 
with  access  to  the  very  best   apparatus   and  objectives,  placed  at 
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his  disposal  in  the  Museum  at  Washington,  enabled  him  to  obtain 
photographs  of  diatoms  which  probably  have  never  been  surpassed. 

To  Koch  belongs  the  credit  of  being  the  first  to  extend  the 
application  of  micro- photography  to  the  delineation  of  bacteria. 
A  series  of  instructive  photographs  was  first  published  by  him 
in  1877.  These  were  photographs  of  cover-glass  preparations, 
and  all  admirably  illustrated  the  subjects  from  which  they  were 
taken ;  while  two,  showing  the  flagella  of  bacilli  and  spirilla, 
were  triumphs  in  this  new  departure. 

Lewis,  in  India,  was  one  of  the  first  to  illustrate  his  writings  on 
the  subject  of  micro-organisms  by  means  of  photographs. 

About  the  same  time  Sternberg,  in  America,  took  some  excellent 
photographs  of  bacteria.  Heliotype  reproductions  of  these  were 
published  in  1884. 

Hauser  and  Van  Ermengem  and  many  other  bacteriologists 
successfully  resorted  to  photography  for  illustrating  their  researches, 
and  Frankel  and  Pfeiffer's,  and  Itzerott  and  Niemann's  atlases  of 
photographs  of  bacteria,  in  microscopical  specimens  and  cultivations, 
are  especially  worthy  of  mention. 

Opinions  have  differed  widely  as  to  the  merits  of  photographic 
illustrations.  Many,  taking  the  standpoint  solely  of  a  comparison 
with  drawings,  have  decried  their  use.  By  judging  from  such  a 
comparison  alone  the  I'eal  value  of  photogi'aphs  may  be  lost  sight 
of.  On  the  other  hand,  many  who  have  looked  at  the  question 
from  all  sides,  have  been  led  to  value  even  a  defective  photograph 
more  than  an  ordinary  drawing. 

In  his  first  publication  on  this  subject,  Koch  strongly  advocated 
photography  on  the  ground  that  illustrations  would  then  be  as  true 
to  nature  as  possible.  The  photographs  which  accompanied  his 
paper  wei^e  all  taken  from  preparations  of  bacteria  which  had 
been  made  from  blood,  cultivations,  or  infusions,  by  drying  a 
thin  layer  on  a  cover-glass  and  staining,  or  from  specimens  prepared 
in  the  same  way  but  left  unstained.  But  when,  having  committed 
himself  to  this  opinion,  Koch  attempted,  later,  to  photograph  the 
bacteria  in  animal  tissues,  he  was  led  to  modify  his  previous 
conclusion.  For  though  no  trouble  was  spared,  yet  disappointing 
results  were  met  with.  This  was  owing,  he  explains,  to  the  fact 
that  the  smallest  and  most  interesting  bacteria  can  only  be  made 
visible  in  animal  tissues  by  staining  them,  and  thus  obtaining  the 
advantage  of  colour. 

This  introduced  the  same  difficulties  which  are  met  with  in 
photographing  coloured  objects,  such  as  tapestry  and  oil  paintings. 
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Ab  these  diificultien  hiid  been  to  a  certain  extent  obviated  by  the 
use  of  eosiii-collodion,  Koch  adopted  the  same  method  for  photo- 
graphing stained  bacteria.  By  the  use  of  eosiu-collodion,  and  by 
shutting  off  ]:>ortions  of  the  Kpeotrum  by  coloured  glasses,  he 
succeeded  in  obtaining  photographs  of  iMcteria  which  had  been 
stained  with  bhie  and  red  aniline  dyes.  But,  owing  to  the  long 
exposure  which  was  necessiiry,  and  the  unavoidable  vibrations  of 
the  apparatus,  the  results  were  so  wanting  in  definition  that  they 
not  only  proved  unsatisfactory  as  substitutes  for  drawings,  but  did 
not  in  some  cases  give  any  evidence  of  what  was  to  be  seen  in  the 
preparations. 

Koch,  in  consec^ucnce,  stated  that  he  would  abstain  from 
publishing  photographic  illustrations  until  he  ha<l  the  advantage 
of  improved  methods. 

We  find,  however,  in  spite  of  this,  that  in  1881  Koch  published 
a  series  of  repnxluctions  from  his  negatives  in  illustnition  of  what 
could  be  accomplished  by  photography. 

Here  again  we  find  that  many  of  the  photographs  of  cover- 
glass  preparations  were  admira))le,  but  those  of  tissue-sections  gave 
evidence  of  the  tlifficulties  Koch  encountereil,  and  were  undoubtedly 
unsjitisfactory  from  the  want  of  flatness  of  field,  some  of  the 
illustrati(ms  recalling  rather  a  ma])  of  a  mount>iinous  country  than 
a  microscopical  pi*eparation. 

In  consequence  of  the  difliculties  met  with  in  attempting  to 
photograph  ba<*teria  stained  with  the  aniline  «lyes  most  commonly 
useii,  Koch  recommended  that  the  preparations  should  be  stained 
brown,  [Hunting  out  as  hLs  reason  tiiat,  though  the  bright  and 
concentrated  colour  of  the  red  and  blue  aniline  <lves  catches  the 
eye  far  more  readily  than  the  souiewhat  sombre  brown  colours, 
yet  no  one  up  to  the  time  of  his  publication  had  succeeded  in 
obtaining  gotxl  photograjihs  of  bacteria  which  had  been  stained 
either  blue  or  red,  and  mounted  in  Canada  balsam,  while  there  was 
no  difficulty  in  obtaining  photographic  reprc»sentations  of  prepara- 
tions staine<I  vellow  or  brown. 

Though  this  stain  could  l)e  easily  employed  m  most  cover-glass 
preparations,  it  wjus  l)y  no  means  easy  to  obtain  a  good  differential 
stain  of  bacteria  in  the  tissues  by  employing  Bismarck  brown. 
An  attempt  was,  thenjforo,  made  to  j)hotograph  pi*e|)arations 
stained  blue  and  red  by  the  aid  of  the  dry-plate  process,  and  by 
interjKjsing  glasses  of  suitable  tints.  After  many  fruitless  experi- 
ments this  meth(Kl  had  to  be  abandoned,  and  the  method  of  staining 
the  object  brown  was  adopted.     In  many  cases  this  gave  excellent 
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results;  in  others  again,  compared  with  the  results  of  stcdning 
with  blue  or  red  stains,  there  was  much  to  be  desired,  and  further 
improvement  was  needed. 

That  a  stain,  such  as  yellow  or  brown,  must  be  employed  which 
absorbs  the  blue  rays,  and  acts  on  the  sensitive  plate  like  black, 
which  absorbs  all  the  light,  constituted  the  first  condition  laid 
down  by  Koch  as  an  essential  for  success.  It  was  further  pointed 
out  that  the  suitability  of  the  stain  could  be  ascertained  by  first 
passing  the  light,  to  illuminate  the  preparation,  through  a  solution 
of  ammonio-sulphate  of  copper,  under  which  condition  the  bacteria 
would  appear  black  on  a  blue  ground. 

The  second  condition  was,  that  sunlight  must  be  employed,  but 
that  direct  projection  upon  the  object  was  disadvantageous,  and  it 
must,  therefore,  be  diffused  by  the  interposition  of  one  or  more  plates 
of  ground  glass. 

Lastly,  an  illuminating  condenser  was  recommended,  of  such 
construction  that  the  diffused  sunlight  brightly  illuminates  the  object 
from  all  sides. 

Sternberg  encountered  the  same  difficulty  in  photographing  red, 
blue  or  violet  preparations,  while  he  produced  excellent  pictures  of 
preparations  stained  with  aniline  brown,  or  a  weak  solution  of  iodine 
(iodine  grs.  iij,  potassic  iodide  grs.  v,  distilled  water  grs.  200).  Thus 
the  results  of  a  large  number  of  attempts  to  photograph  the  tubercle 
bacillus  in  sputum,  only  ended  in  producing  such  extremely  faint 
impressions,  that  any  one  unacquainted  with  the  object  as  seen  under 
the  microscope  could  form  scarcely  any  idea  of  its  form  or  minute 
structure  with  even  an  accompanying  explanation  and  the  closest 
inspection  of  the  photograph. 

Dufrenne,  in  attempting  to  photograph  the  same  object  by  the 
ordinary  method,  found  the  plates  were  uniformly  acted  on,  or  the 
image  was  so  faint,  or  so  lacking  in  contrast,  that  they  were  useless 
for  obtaining  proofs  on  paper  or  glass.  By  interposing  green  glass 
between  the  objective  and  the  sensitive  plate,  so  that  the  red  rays 
were  absorbed,  while  the  green  rays  passed  through  and  acted  on 
the  plate,  he  states  that  better  results  were  obtained. 

The  work  of  Hauser  illustrated  the  great  value  of  photography 
in  the  production  of  pictures  of  impression-preparations  and  colonies 
in  nutrient  gelatine.  To  give  the  general  effect,  as  well  as  faithfully 
reproduce  the  minute  details  in  these  difficult  subjects  would  in  most 
cases  create  insurmountable  difficulties,  except  to  the  most  accom- 
plished draughtsman. 

Hauser  employed  Gerlach's  apparatus    and    Schleussner's   dry 
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plates,  and  obtained  the  illumination  by  means  of  a  small  incan- 
descent lamp,  which  gave  a  strong,  white  light,  with  three  or 
four  Bunsen  elements.  In  another  respect  Hauser's  resalts  were 
of  practical  value.  The  preparations  to  be  photographed  were 
stained  brown  as  recommended  by  Koch,  but  they  were  mounted  in 
the  ordinary  way  in  Canada  balsam.  The  objection  to  the  mounting 
medium  most  commonly  employed  was  thus  set  aside.  The  prevalent 
idea,  however,  that  the  preparations  must  be  stained  brown  was  still 
a  formidable  obstacle,  and  the  way  out  of  this  difficulty  was  clearly 
shown  by  Yan  EIrmengem's  photographs.  These  were  pictures  of 
comma-bacilli  which  had  been  stained  with  fuchsine  and  methyl 
violet.  These  photographs  afforded  the  first  practical  illustration 
of  the  value  of  isochromatic  plates  in  micro-photography  which  had 
been  previously  noted  by  Van  Ermengem  in  1884,  and  their  intro- 
duction marks  a  distinct  era  in  the  progress  of  micro- photography. 

A  short  explanation  may  be  given  of  what  is  meant  by  isochro- 
matic, or  what  have  been  more  properly  termed  orthochromatic  dry 
plates.  The  difficulties  encountered  in  photographing  certain  stained 
preparations  have  been  mentioned.  It  is  a  familiar  fact  that  in 
portraits,  blue  or  violet  comes  out  almost  or  quite  white,  while 
other  colours,  such  as  yellow,  are  represented  by  a  sombre  shade 
or  perhaps  black.  This  failure  in  correctly  ti*anslating  colours  i& 
explained  by  the  want  of  equality  between  the  strength  of  the 
chemical  and  luminous  rays.  If  the  rays  of  the  spectrum  are  pro- 
jecteil  upon  a  photographically  sensitive  surface,  the  greatest  effect 
is  found  to  take  place  at  the  violet  end.  In  other  words,  the  violet 
and  blue  rays  are  more  actinic  or  chemically  powerful,  while  the 
yellow  and  orange  have  scarcely  any  effect.  The  dyes  employed  in 
staining  give  corresjwnding  results  :  blue  and  violet  give  but  a  faint 
impression,  yellow  and  orange  a  black  picture.  These  results  are 
most  clearly  demonstrated  in  a  photograph  of  an  oil  painting  taken 
in  the  ordinary  way ;  and  they  led  to  experiments  being  made  which 
have  resulted  in  orthochromatic  photography. 

The  effect  of  interjKxsing  coloured  glasses  has  already  been 
referred  to.  It  was  found  later  that,  if  plates  were  coloured  yellow, 
e.g,,  with  turmeric,  the  blue  and  violet  rays  were  intercepted,  and 
their  actinism  reduced.  In  1881,  Tailfer  and  Clayton  produced  the 
so-called  isochromatic  plates.  The  emulsion  of  bromide  of  silver 
and  gelatine  was  staine<l  with  eosin,  and  it  was  claimed  that  colours 
would  be  represented  with  their  true  relative  intensity.  Chlorophyll 
and  other  stains  have  been  tried,  and  by  such  methods  the  ordinary 
gelatine   dry  plates   can   be   so   treated   that   they   will  reproduce 
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various  colours,  according  to  their  relative  light  intensity,  and  thus 
be  rendered  iso-  or,  what  is  now  more  commonly  known  as,  ortho- 
chromatic. 

Apparatus  and  Material. 

Micro-photographic  Appa/ratua. — ^As  is  well  known,  various  forms 
of  apparatus  have  from  time  to  time  been  recommended  and  em- 
ployed by  different  workers. 

Many  use  the  microscope  in  a  vertical  position,  with  the  camera 
superposed  or  fitted  to  the  eye- piece  end  of  the  microscope  tube ; 
or  the  microscope  tube  may  be  screwed  off  from  the  body  of  the 
microscope,  and  a  pyramidal  camera  adjusted  in  its  place,  the  base  of 
the  pjramid  being  represented  by  the  ground  glass  screen. 

Others  again  prefer  that  the  microscope  and  camera  should  be 
arranged  horizontally. 

In  another  form  the  ordinary  microscope  is  dispensed  with,  the 
objective,  stage,  and  mirror  are  adapted  to  the  front  of  the  camera, 
and  provided  with  suitable  arrangements  for  holding  the  object, 
supporting  the  mirror,  and  adjusting  the  different  parts. 

Lastly,  the  camera  may  be  dispensed  with,  the  operating-room, 
which  must  be  rendered  impervious  to  light,  taking  its  place,  while 
the  image  is  projected  and  focussed  upon  a  ground  glass  screen, 
which  has  a  separate  support.* 

The  horizontal  position  affords  greater  stability  than  the  vertical, 
so  that  the  former  is  to  be  preferred.  The  vertical  model  with  the 
camera  fixed  to  the  microscope  is  particularly  to  be  avoided,  as  the 
weight  of  the  camera  bears  directly  upon  the  microscope,  and  must 
affect  the  fine  adjustment,  and  any  vibration  in  one  part  of  the 
apparatus  is  communicated  throughout. 

The  simplest  apparatus  consists  of  a  camera  fixed  upon  a  base- 
board four  or  five  feet  in  length,  upon  which  the  microscope  can  be 
clamped,  and  which  carries  also  a  lamp  and  a  bulFs-eye  condenser 
(Fig.  77). 

Simplicity  and  economy  must  always  be  borne  in  mind  in 
recommending  any  apparatus  of  this  kind,  for  to  insist  upon  the 
necessity  of  a  very  elaborate  apparatus,  or  a  specially  fitted- up  ixx)m, 
or  that  a  special  room  should  be  built  with  windows  facing  in  a 
definite  dii'ection,  will  in  most  cases  at  once  place  photography  beyond 
the  reach  of  those  who  might  otherwise  employ  it.     Yet  to  fulfil 

♦  For  an  excellent  account  of  the  forms  of  apparatus  which  have  been 
employed  by  different  workers  the  reader  is  referred  to  the  section  on  Micro- 
photogprapby  in  Beale*6  Haw  to  tvork  Tvith  the  Microscope. 
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all  the  purpot)e8  for  which  the  apparatus  may  be  required,  including 
the  employment  of  the  highent  powers,  and  also  tltat  one  may  be 
enabled  to  work  for  long  intervak  of  time  with  due  comfort,  an 
accurate  and  complete  apparatus  will  be  found  to  be  meet  de^rable. 
Tliough  most  preparatioDS  will  admit  of  being  photographed 
when  the  stage  of  the  microscope  is  vertical,  yet  if  we  require  to 
photograph  micro-organisms  in  liquids,  or  colonies  upon  partially 
liquefied  gelatine,  the  apparatus  must  admit  of  being  placed  so  that 
the  stage  of  the  microscope  becomes  horizontaL  In  addition,  tbe 
apparatus   is  rendered  somewhat   complex  if  we  employ  powerful 
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artificial  light.  Sunlight,  no  doubt,  is  the  best  and  cheaiwst,  but 
it  is  not  always  availiible,  espec-iitlly  in  a  city  like  Loudon ;  and, 
moreover,  evenings  and  dull  days  will  probably  be  tiie  very  time 
which  can  l>e  beat  spared  for  this  work.  We  must,  therefore,  fall 
back  upon  the  pai-affine  lamj),  or  the  magnesium,  oxyhydi-ogen,  or 
electric  light. 

To  fulfil  all  these  conditions  Swift  has  constructed  an  ap|>aratus 
under  the  author's  directions  (Fig.  78).  It  is  merely  a  modilicatian 
of  the  ordinary  horizontal  mmlel,  which  lulniits  of  being  readily  placed 
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in  tlie  vurtical  poatioii,  ivhile  the  illiiminution  is  Bupplieil  from  au  I 
oxyhyJrtigen  kutem. 

To  jilnue  the  iippumtus  in  tlie  vertli'^l  [ni-sitioii  two  Hmall  hiii^ed  I 
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tioriutntnl,  llie  n]>]KMit«  extremiltiu  of  the  Iwrs  urn  ««ii<Uy  i 
from  their  Nix^kcts.     The  leg  or  iiH]ipaH  nt  this  uml  cna  then  t 
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ttirnud  ii]i  iin<l  fixeil  ludemeuth  tlie  appurtttuK  by  h  biUtuti,  i 

tlie    eiiil    of    the    iii>piirattM    iti>elf   geutly   luwereU    to    the   gvoui 
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A  hinged  eud-piece  is  also  to  be  turned  out  to  increase  the  base  upon 
which  the  whole  apparatus  will  stand  when  raised  to  the  vertical. 
The  two-legged  support  at  the  opposite  end  of  the  apparatus  is 
next  worked  down  by  a  quick  thread  screw,  and  on  raising  the 
apparatus  to  the  vertical,  the  two-legged  support  drops  to  the 
ground,  and  assists  in  maintaining  the  stability  of  the  whole.  If 
it  is  thought  necessary,  a  simple  means  can  be  reacUly  devised  for 
clamping  the  apparatus,  in  either  position,  to  the  wall  of  the  room, 
so  as  to  eliminate  as  much  as  possible  all  chances  of  vibration.  A 
second  quick  thread  screw  moves  the  base-board  upon  which  the 
camera  and  central  sliding-board  are  mounted,  so  that  the  camera, 
ndcroscope  and  lantern  can  be  raised  to  a  convenient  height  from 
the  ground. 

The  various  parts  of  this  apparatus  may  be  described  in 
det^l. 

The  Microscope  and  its  Attachments, — It  is  most  essential  that 
the  microscope  should  be  perfectly  steady.  The  microscope  wjis  made 
by  Zeiss,  and  to  ensure  steadiness,  the  horse-shoe  footpiece  fits  under 
a  projecting  ledge,  and  is  then  clamped  by  a  cross-piece,  so  that 
it  is  firmly  fixed. 

The  microscope  with  the  means  for  clamping  it  and  the  oxy- 
hydrogen  lantern  are  carried  upon  an  independent  sliding-board, 
which  admits  of  movement  to  or  from  the  camera.  The  sliding-board 
also  moves  upon  a  centre,  which  enables  the  microscope  to  be  turned 
out  f i-om  the  median  line ;  in  fact,  to  be  turned  at  a  right  angle  to  the 
position  it  occupies  when  ready  for  the  exposure.  The  object  of  this 
contrivance  is  to  enable  the  operator  to  sit  down  by  the  side  of  the 
apparatus,  and  with  comfort  to  arrange  the  object  in  the  field  of  the 
microscope.  On  turning  the  microscope  back  into  the  median  line,  it 
is  fixed  in  the  optical  axis  of  the  apparatus  by  means  of  a  suitable 
stop.  The  sliding-board  is  provided  with  a  small  grooved  wheel 
receiving  an  endless  cord,  made  of  silk  or  fishing-line^  which  passes 
round  the  grooved,  milled  head  of  the  fine  adjustment  of  the 
microscope.  When  the  sliding-board  is  returned  to  the  median 
line  of  the  apparatus,  the  milled  wheel  connected  with  the  fine 
adjustment  impinges  upon  the  wheel  of  the  long  focussing  rod. 
The  latter  is  provided  with  an  india-rubber  tire,  which  grips  the 
teeth  of  the  milled  wheel,  and  thus  the  long  focussing  rod  is  placed 
in  connection  with  the  fine  adjustment  of  the  microscope. 

JUttfnination. — The  oxy-hydrogen  lamp  has  been  more  frequently 
employed  by  the  author  than  the  parafiine  lamp,  partly  on  account 
of  the  diminished  time  in  exposure,  especially  when  employing  very 
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high  powers ;  this  is  of  great  importance  where  there  Is  likely  to  be 
Wbration  from  passing  traffic.  With  rapid  plates  and  the  highast 
powers,  the  exposure  has  only  been  two  or  three  seconds,  whereas 
with  the  paraffine  lamp  it  may  vary  from  three  to  ten  minutes,  or 
even  longer. 

Walmsley    gives  the   following   table  for  exposures   with    the 
paraffine  lamp : — 

IJ  inch  objective        .  3  to  45  seconds. 

7    M  90       „ 
.j    ,,3  minutes. 


5     *'  " 

4 

1 

I 

1U     »>  »» 


2   „    7 

4   „    10       „ 


The  illuminating  apparatus  represented  in  the  accompanying 
engraving  (Fig.  78)  consists  of  a  lantern  which  not  only  moves 
together  with  the  microscope  on  the  central  sliding-board,  but 
can  be  moved  independently  to  or  from  the  microscoj)e,  and  be 
clamped  with  screws  at  the  requisite  distance  for  obtjiining  the  best 
illumination.  It  is  pi*ovided  with  two  3-inch  condensing  leusas  of 
long  focus,  constructed  of  optical  glass,  which  is  much  whiter  than 
that  used  for  ordinary  lantern  condensers.  The  lime-cyliiulei*s  should 
be  of  the  hardest  and  best  quality,  as  they  give  a  more  actinic  light 
than  those  made  of  soft  lime.  The  "  Excelsior  "  lime -cylinders  are 
strongly  recommended.  They  are  supplied  in  hermetically  sealed 
tins  which  can  be  easily  opened  and  re-sealed,  so  that  a  cylinder  can 
be  taken  out  and  used,  and  the  rast  preserved  for  a  future  occasion. 
The  hydrogen  can  be  obtained  by  using  the  coal-gas  supplied  to  the 
house,  and  the  oxygen  should  be  supplied  preferably  in  a  compressed 
state  in  iron  bottles.  Not  only  are  the  bottles  much  less  cumbrous 
than  the  bags,  but  a  small  quantity  of  gas  can  be  used,  and  the 
residue  left  for  an  indefinite  time;  moreover,  the  gas  is  always 
at  hand  to  be  turned  on  when  required.  On  the  other  hand,  the 
retention  of  unused  gas  in  bags  Ls  liable  to  cause  then-  coirosion, 
owing,  it  is  believed,  to  impurities  which  are  carried  over  in  the 
manufacture  of  the  oxygen.  If  gjis  is  not  laid  on  in  the  house,  then 
it  also  must  be  procured  in  a  comprassed  state  in  bottles.  As  the 
blow-over  jet  is  recommended  on'Ticcount  of  its  safety,  the  bottles 
should  be  supphed  in  this  case  with  a  supplementary  valve.  It  is 
then  just  as  easy  and  free  fi*ora  danger  to  employ  the  comiuessed 
gas  as  it  is  to  make  use  of  the  house-sup2)ly. 

The  Camera, — A  long-focus,  half- plate  camera  is  mounted  upon 
a  sliding  platform.     This  admits  of  the  cjimera  being  pushed  up  to  | 
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the  microBcope  when  it  is  in  the  long  axis  of  the  apparatiu,  aa  a«  to 
make  a  light-tight  combination.  The  opening  which  is  filled  in  an 
ordinary  camera  by  the  lens  can  be  Hhut  olT  by  means  of  an  internal 
ithuttei-,  which  is  opeuetl  und  closed  by  turning  a  screw  at  the  side 
of  the  camera.  The  dark-back  is  provided  with  plat«-catTiers,  w> 
that  either  half,  quarter,  or  lantern-size  plates  can  be  employed.  It 
will  be  found  convenient  to  have  two  or  more  dark-backs,  so  that 
several  plates  may  be  exposed  without  rearranging  the  light  for 
each  exi>osure. 

Much  more  elaborate  and  expensi\'e  micro-photographic  cameras 
have  been  constructed  by  Zeiss,  and  also  by  Swift.     The  Utter  has 


tiirricil  out  u  suggestion  made  by  Priugle  f<n-  a  support  at  the 
oi-uhir  end  (Fig.  HO). 

The  Dark-rootn. — In  every  bacteriological  Ittbomtory  there  should 
Iw  11  ilevelojiiiig  nioin  provided  with  shelves,  gns,  water-tap,  and  sink, 
bnt  these  iirriing»nieiit«  are  not  nlntoliitely  indispensiLble.  All  that 
is  eNMenti;il  is  a  room  iui{)ervions  to  light ;  Hnd  u  closet  or  cupboard, 
if  it  c;iii  lio  ventilated,  will  answer  j>erfo('tly  well,  with  a  jug  and 
Itasin  instf^ail  of  the  tap  and  sink.  The  steam -steriliser  employed 
in  the  prt-paratiuu  of  nutrient  menlia  for  cultivating  bacteria,  if  not 
requii'ed  at  the  time  for  snch  purixwes,  may  In;  filloil  to  the  brim 
with  water,  and  will  form  un  excellent  cistern  and  tup,  while  a  pail, 
or  small  siitiitary  bin,  may  1)6  utiliHe<l  as  a  sink. 

Yiirious  kiiidi^  of  lanijw  are  made  for  the  dark-room,  burning 
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either  candles,  oil,  or  gas.  In  any  case,  the  light  must  pass  through 
two  thicknesses  of  ruby  glass. 

Dry  Fintes, — A  small  supply  of  any  of  the  ordinary  plates  in 
the  market  may  be  procured  for  preliminary  trials  in  acquiring  a 
knowledge  of  the  processes  ;  but  to  overcome  the  diflSculties  of  certain 
stained  preparations,  the  isochromatic  or  orthochromatic  plates  should 
be  used.     The  |  plate  will  be  found  to  be  the  most  suitable  size. 

There  are  numerous  formulse  for  the  requisite  solutions  for 
developing  and  fixing  the  negatives,  and  instructions  are  usually 
enclosed  in  the  boxes  of  dry  plates,  but  it  is  best  to  abstain  from 
trying  a  number  of  different  formulae,  as  it  leads  to  a  great  expendi- 
ture of  time.  There  is  a  temptation  to  do  this,  it  being  supposed 
that  there  is  probably  some  great  advantage  in  one  formula  over 
another.  It  is  much  better  to  get  accustomed  to  the  behaviour 
under  different  exposures  of  one,  or  perhaps  two  methods. 

In  France  the  iron  developer  is  much  in  vogue,  and  is  recom- 
mended by  Tailfer  and  Clayton  for  use  with  their  isochromatic 
plates.  It  has  the  advantage  of  great  simplicity  in  the  mode  of 
employment,  and,  therefore,  is  very  suitable  for  a  beginner.  In 
England,  on  the  other  hand,  the  alkaline  developer  is  very 
much  used,  as  it  gives  more  command  over  the  plate,  enabling  the 
photographer  more  fully  to  compensate  for  incorrect  exposure. 

It  is  very  desirable  before  attempting  to  take  photographs  with 
the  microscope  to  learn  how  to  take  photographs  with  an  ordinary 
landscape  camera,  and  to  get  thoroughly  accustomed  to  the  use  of 
some  good  developer,  so  that  mistakes  may  be  corrected  and  the 
clearest  and  sharpest  negatives  obtained. 

Practical  Manipulation. 

Arrangement  of  Apparatus. — For  working  with  the  paraffine 
lamp,  the  mode  of  procediu'e  is,  as  regards  the  illumination,  briefly 
as  follows.  The  sub-stage  condenser  is  dispensed  with  when  a 
low  power  is  employed,  as  well  as  the  mirror,  and  the  lamp  is 
so  placed  that  the  image  of  the  flat  of  the  flame  appears  accurately 
in  the  centre  of  the  field  of  the  microscope.  A  bull's-eye  condenser 
is  then  interposed,  so  that  the  image  of  the  flame  disappears,  and 
the  whole  field  is  equally  illuminated.  With  high  powers  the 
sub-stage  achromatic  condenser  is  necessary,  and  a  more  intense 
illumination  is  obtained  by  using  the  flame  edgewise.  In  using  a 
low  power  with  the  oxyhydrogen  light,  the  lantern  is  withdrawn 
some  little  distance  from  the  microscope,  and  the  top  combination 
of  the  achromatic  condenser  removed. 
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It  is  best  to  begin  with  the  use  of  a  low  power,  and  a  trial 
object,  such  as  the  blow-fly's  tongue,  spine  of  Echinus,  or  trachea 
of  silkworm. 

In  order  to  explain  tlie  management  of  the  apparatus  (as 
represented  in  Fig.  78)  the  steps  in  the  luu-angement  of  the 
apparatus  and  exposure  of  the  plate  will  be  described  in  detail 
for  the  employment  of  a  high  power  and  the  oxyhydrogen  light. 
The  solutions  being  ready  for  use,  it  is  proposed  to  take  a  photograph 
of  tul)ercle  bacilli  in  sputum,  with  a  ^^  apochromatic  oil-immersion 
objective.  The  fii*st  point  to  claim  attention  is  the  airangement 
of  the  light.  Having  lighted  the  g:is  at  the  hydrogen  jet,  the 
lime-cylinder  should  be  revolved  until  heated  equally  all  round. 
Tlie  oxygen  is  then  carefully  turneil  on  until  only  a  small  spot 
of  incandescence  is  produced.  The  central  sli(Ung-board  is  turned 
out,  a  low  power  screwed  on  to  tlie  microscope,  and  the  image  of 
tlie  bright  spot  focussed  and  accurately  centered.  To  protect  the 
sight,  an  eye-piece  providefl  with  a  smoked  glass  shade  is  used. 
The  immersicm  objective  is  then  substituted  for  the  low  power, 
and  the  oxygen  turned  on  until  the  right  admixture  of  gas  is 
obtained  to  {>roduce  a  brilliant  illumination.  It  is  well  at  this 
stage  to  sit  down  to  focus  the  selected  object,  and  to  spend  some 
little  time  in  seiirciiing  for  the  most  characteristic  i>art  of  the 
specimen  to  be  photographe<l.  This  l>eing  decided  upon,  the  eye- 
piece is  carefully  withdrawn,  and  the  central  sliding-board  n)tated 
back  into  the  median  line.  To  make  a  light-tight  connection 
between  the  camera  and  the  micr(Kscoj)e,  the  camera  is  pushed  up 
until  a  velvet-lined  tube,  which  occupies  the  jMwition  of  the  lenses 
of  an  ordinarv  camera,  is  enclosed  within  a  short  wide  tut)e  which 
is  adapted  to  the  t»ve-piec^  end  of  the  microscope. 

On  oj>ening  tlio  camera-shutter  the  image  will  be  projected  xiixni 
the  gi'ound  glass  screen  of  the  camera.  It  Ls  necessary,  however, 
to  obtain  the  exact  focus,  and  t^)  effect  this  the  ground-glass 
screen  is  turned  away,  and  the  dairk-back  with  a  piece  of  plain 
glass  is  substituted.  Here  again  time  may  be  well  spent  in 
getting  the  sharpest  image,  with  the  aid  of  a  focussing  glass  of 
proi)er  focal  length. 

The  greatest  delicacy  in  manipulation  is  ne<»essiiry,  as  in  working 
with  such  high  powers  a  turn  too  much  of  the  line  adjustment  will 
cause  the  image  to  vainsh.  Having  det^^rmined  the  best  visual 
focus,  which  will  be  found  with  the  high-powt»r  objectives  of  most 
makers  to  correspond  with  the  chemical  focus,  the  dark-back  must 
be   cautiously   removcHl,  to    prevent    any   vibration,   and    the   plain 
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glass  replaced  by  a  sensitive  plate.  To  effect  this  change,  the 
operator  retires  to  the  dark-room,  and  opens  a  box  of  plates  with 
as  little  exposure  to  the  red  light  as  possible.  Having  removed 
a  plate,  it  is  necessary  to  ascertain  which  is  the  sensitive  side. 
This  may  be  done  by  momentarily  exposing  it  to  the  red  light, 
and  seeing  which  is  the  sensitive  side  by  the  dull  appearance  of 
the  film.  A  less  satisfactory  way  is  to  moisten  the  tip  of  a 
finger,  and  press  it  at  one  corner  of  the  plate.  The  film  side  will 
be  recognised  by  imparting  a  sticky  sensation.  The  film  must  be 
dusted  with  a  cameFs-hair  brush,  as  well  as  the  dark-back,  and 
the  plate  is  placed  film-side  downwards  in  the  dark -back,  which 
is  then  securely  closed. 

Care  should  be  taken  that  the  plates  then  remaining  in  the  box 
are  packed  away  before  light  is  admitted  to  the  dark-room. 

Exposure  of  the  Plate. — On  returning  to  the  apparatus,  the 
camera-shutter  is  closed.  Then  the  dark-back  is  gently  slid  into 
its  place,  and  its  slide  ^vlthdrawn.  A  few  moments  are  allowed 
to  elapse,  so  that  the  least  possible  vibration,  which  might  be 
caused  by  inserting  the  dark- back,  has  had  time  to  cease,  and  all 
is  ready  for  the  exposure. 

In  the  case  of  the  object  we  have  selected,  three  seconds  will 
probably  be  the  exposure  required.  This  is  done  by  opening  and 
closing  the  camera-shutter  with  one  hand,  while  a  watch  can  be 
held  in  the  other.  The  slide  of  the  dark- back  is  then  carefully 
closed,  and  the  plate  is  ready  to  be  carried  off  to  the  developing 
room. 

As  the  light  will  not  be  again  required  until  the  next  exposure, 
the  oxygen  must  be  turned  off,  while  the  coal-gas  may  be  allowed 
to  play  over  the  lime. 

Development  and  FixcUion  of  the  Image. — It  is  well  to  be 
systematic,  and  therefore,  before  the  plate  is  taken  out  of  the 
dark-back,  light  is  admitted  to  the  dark-room,  and  everything 
arranged  so  that  the  position  of  the  trays  and  bottles  may  be 
remelnbered  in  the  dark.  First,  let  the  ruby  lamp  be  lit,  place 
two  dishes  or  trays  close  by,  and  a  row  of  four  dishes  within  easy 
reach.  Pour  out  some  fixing  solution  in  the  first  porcelain  dish, 
alum  in  No.  2,  and  water  in  Nos.  3  and  4.  Put  the  necessary 
quantity  of  "  pyro "  solution  into  the  glass  measure,  and  place 
it  with  the  ammonia  drop- bottle  in  front  of  the  ruby  light. 
Then,  when  all  light  except  that  from  the  ruby  lantern  has  been 
excluded,  everything  is  ready  to  commence  the  development  of  the 
plate. 
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Opening  the  dark-back,  the  plate  may  be  turned  out  on  to  the 
palm  of  the  hand.  The  film  side  is  then  uppermost,  and  the  plate  is 
to  be  tranffferred  in  the  same  position  to  a  tray,  and  covered  with 
water.  This  iH  to  soak  the  film  and  obtain  an  equal  action  of 
the  developer ;  or  the  solution  of  fresh  pyro  may  be  poured  on  to 
the  plate  without  previous  soaking,  if  the  flow  is  uniform,  and  the 
formation  of  bubbles  avoided.  In  the  first  case  the  water  is  run  off 
and  the  pyro  allowed  to  flow  evenly  over  the  plate.  To  protect  the 
plate  from  prolonged  exposure  to  the  ruby  light,  a  second  tray  may 
be  inverted  over  it,  or  the  developing  tray  covered  with  a  piece 
of  card-board.  Gently  rock  the  tray  for  a  minute  or  so,  then 
to  a  few  drops  of  ammonia  in  a  measuring  glass  add  the  pyro 
from  the  developing  tray,  and  pour  the  mixture  back  again 
over  the  plate.  After  again  gently  rocking  the  tray  for  a  few 
minutes,  more  ammonia  is  added  by  drops  in  the  same  way. 
If  the  exposure  has  been  properly  timed, — and  the  time  neoessaiy 
must  be  ascertained  by  trial  for  each  preparation, — the  image  will 
gradually  begin  to  appear,  and  the  action  must  be  allowed  to 
continue  until  sufficient  density  has  been  obtained.  To  determine 
this  requires  some  experience.  It  is  generally  recommended  to  take 
the  plate  out  of  the  tray  and  hold  it  for  a  moment,  film-side  towards 
the  operator,  in  front  of  the  ruby  light.  Though  the  plate  is  not 
nearly  so  sensitive  when  the  image  has  commenced  to  develop,  and 
there  is,  therefore,  not  the  same  danger  of  fogging,  a  safer  plan  is 
to  occasionally  turn  the  plate  film  downwards  in  the  tray,  and  when 
the  image  appeal's  on  the  back  the  development  will  be  found  to  be 
completed. 

With  such  a  preparation  as  tubercle  bacilli  in  sputum  it  is 
not  easy  to  trace  the  gradual  formation  of  the  image,  and  hence  the 
advantage  of  commencing  with  a  well-marked  object  such  as  the 
blow- fly's  tongue.  It  is  then  easy  to  watch  the  gradual  progress  of 
the  image.  The  bright  parts  or  high-lights  appear  first,  then 
gradually  the  half-tones,  or  less  brightly -lighte<l  parts,  and  lastly 
every  shade  except  the  deepest  shadows  is  repiesented.  When, 
however,  nil  action  seems  to  have  ceased,  we  must  still  wait  until 
we  have  judged,  in  the  manner  already  described,  that  the  density 
is  suflicient.  This  being  determined,  we  jKJur  off*  the  developing 
solution  and  thoroughly  wash  the  plate  with  water.  It  is  then 
ready  to  be  placed  in  dish  No.  1,  containing  "  hypo,"  and  here  it  must 
be  left  for  some  minutes  after  all  appearance  of  creaminess  has 
<lisappeared  from  the  back.  White  light  may  now  be  admitted,  the 
plate  removed  from  the  hypo  and  thoroughly  washed  under  the  tap, 
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and  then  placed  in  dish  No.  2.  When  another  plate  is  ready  to 
take  its  place,  transfer  it  to  dish  No.  3,  and  then  to  No.  4,  and, 
after  a  good  final  washing  under  the  tap,  place  it  upon  a  rack 
to  dry.  If  there  is  any  tendency  for  the  film  to  detach  itself  from 
the  plate,  *'  to  frill,"  the  alum  bath  must  be  used  before  fixing,  as 
well  as  after. 

Frilling  or  blistering  may  be  due  to  an  error  in  manufacture, 
and  is  liable  to  occur  in  hot  weather,  or  when  using  a  developer  too 
strong  in  ammonia.  If  it  occurs  during  washing  or  fixing,  the  alum 
bath  must  be  employed  before  the  hypo.  Fogging^  or  the  appear- 
ance of  a  veil  over  the  plate,  may  arise  from  error  in  the  manu- 
facture, from  admission  of  extraneous  light,  from  over-exposure, 
or  from  prolonged  exposure  to  the  ruby  light  during  development. 
Care  must  be  taken  that  the  camera  and  dark-room  are  light-tight. 
CryataXUmUum^  or  powdery  deposit,  upon  the  negative  when  dry,  is 
due  to  insufficient  washing  out  of  the  hyposulphite  of  soda.  Thin- 
ness of  the  image f  or  wcmt  of  density,  may  be  due  to  insufficient 
development,  too  weak  a  developer,  or  too  short  or  too  long  an 
exposure.  Too  great  density  results  from  too  long  immersion  in  the 
developer. 

Spots  may  sometimes  occur  upon  the  negatives.  They  may  be 
caused  by  dust  upon  the  plate  or  by  air  bubbles  in  the  developer. 

In  the  text-books  of  photography  full  accounts  of  failures  will  be 
found,  their  causes  and  prevention ;  but  it  will  be  advantageous 
when  these  difficulties  are  encountered  to  take  the  negatives  to  a 
skilled  photographer  and  get  advice  upon  them.  It  is  necessary 
to  persevere,  and  not  be  disheartened  if  several  negatives  have  to 
be  made  of  a  preparation  before  a  successful  result  is  obtained. 

It  may  here  be  remarked  that  the  beginner  will  far  more 
rapidly  learn  the  technique  if  he  avail  himself  of  a  practical  demon - 
titration  from  a  photographer.  When  he  has  learnt  to  obtain  suc- 
cessful negatives,  if  he  prefer  silver  prints,  and  time  is  an  object,  it 
wiir  be  found  to  be  true  economy  to  get  the  printing  and  mounting 
done  by  a  professional  photographer.  The  credit  of  a  successful 
photograph  of  bacteria  is  due  to  the  bacteriologist  who  prepares 
the  microscopical  specimen  and  obtains  the  negative. 

DetermincUion  of  the  Amplification, — The  amplification  varies 
not  only  with  the  objective  employed,  but  with  the  distance  of 
the  focussing  screen  from  the  object.  In  order  to  ascertain  the 
amplification  afforded  by  a  certain  objective  at  a  certain  distance,  a 
photograph  should  be  taken,  under  the  same  conditions,  of  the  lines  of 
a  micrometer  slide.     It  is  easy  then  to  calculate  the  amplification 
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ohtitiiK^t  in  thf  micro- photograph ;  Bujiixwiiig,  for  example,  in 
th«  mlm>-[>h(it4>(rr"pli  the  linen  which  are  n^nr  '""^  apart  are 
(leliiieatcd  1  inch  n{iHrt,  the  mHgiitfyiiig  power  must  ba  1,000 
(iiiimeters.  Moreover,  Imnng  thiiw  itacMtained  tlie  amplification, 
WL-  cmi  acrnriitely  compute  fr<»m  the  photograph  the  riie  Of  the 
objt'ctH  tit  ken. 

VtilM    of   P/ioloyrapha. — It   is  not  necewary   to    compare   the 

relative  merits  of  tliiigraniK  ami  phuto^i^phfl.     Diagramx  which  dn 

nut  piirjMrt  t<i  lie  acciintte  reprewntations,  but  are 

i  iiitt^ntioiutlly  the  means  fur  Mimplifying  instructioa, 

wm  will   nlwayo  he   valuable,   even    if  we    have   the 

J^^M  original  preparntiimB  under  the  microscope  before 

^^^^H  lis.      We    must    t^jiiHider   tht^   relative    merits  of 

^^^^H  photographs  and  of  drawings  which  purport  to  be 

^^^^—-         exact   rejn-eHentutionfl  of  what  in  seen  under  the 

rnicroMcope.     Thus  in  the  case  of  micro-Drgaoiinns, 

wlien  their  biological  characters  are  studied  under 

low  piiwers  of  the   micrwcoiw,    photographs   are 

prefcrabli'  )>eciiusi.>  they  give  a  more  faithful  re- 

I>r(>sentatinn.     At  the  same  time,  apart  from  this 

(omiMirative  value,  we  must  not  lose  siglit  of  the 

iii'tiial  value  of  photography  in  placing  within  the 

rt'ach  of  the  Rtuilent  or  investigator,  who  may  not 

be  a   drauglitaiuan,    a    most    valuable   mealie   for 

ilhistriiting  all  kinds  of  preixinitions. 

For  <louhle-stained  or  tnjde-stained  tiHsue  pre- 

'rRAPii   ~o""^A   I'*''"*'"!"'  ""    "Cfuratt'ly  coloured  drawing  leaves 

CcLTivATioK     oc  little  to  Iw  divired  ;  but  if  we  reproduce  the  same 

BA<-[i.i.t*H        An-   i,y  ^  wo<h1  engniviug,  and  so  lowe  the  advantage 

of   the  coloured  jiicturi',  which  is  instructive  in 

indicating  the  meth'Nl  of  staining,  a  photograph  will,  in  many  cages, 

be  far  more  Rutisfnctory. 

Wlien  we  hiLve  to  deal  with  the  growtli  of  bacteria  en  moMC, 
aH  in  test-tulx-  and  plate- ciiltivutionH,  witii  colonies  as  seen  under 
a  low  power  of  the  microseo]M',  and  with  impresfion- prepara- 
tions both  under  li>w  ami  high  [lowers,  unless  the  bacteriologist 
is  a  most  accomplished  draughtsman  as  well  as  an  accurate  and 
reliable  oliNerver,  phiitogriLphy  undoubtedly  affords  the  best  mode 
iif  ilhistration.  The  apparittus  lieing  ready  and  at  hand,  a  negative 
can  be  prf)duced  in  a  few  minutes  of  a  preparation  which,  from  the 
amonnt  of  ik!tail  it  contiiins,  would  take  ]>erhaps  several  hours  to 
<lraw  and  colour.     From  that  negative  any  number  of  facnmilen  can 
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be  obtained,  whereas  an  oiiginal  drawing,  even  in  the  best  hands, 
if  cut  on*  wood  or  lithographed,  is  almost  certain  to  fall  short  of 
being  an  exact  copy. 

With  regard  to  indiNddual  bacteria,  the  result  is  more  siitLsfactory 
in  many  cases  than  a  drawing ;  for  there  is  the  advantage  of  being 
absolutely  certain  that  any  particular  structure,  form,  or  shape 
which  may  be  represented  is  actually  what  exists,  and  not  what 
may  have  been  evolved  by  unconscious  bias  in  the  mind  of  the 
observer.  Many  illustrations  might  be  given  of  this.  Thus  Lewis, 
who  was  a  most  conscientious  observer,  published  an  account  of 
organisms  in  the  blood  of  rats  in  India,  and  illustrated  it  with  a 
wood  engraving  and  with  micro-photographs.  The  identity  of  the 
organisms  which  were  found  in  the  common  brown  rat  of  this 
country  was  established  much  more  readily  from  these  photographs 
than  from  the  wood  engraving  or  the  description  in  the  letterpress. 

A  micro-organism,  even  under  the  highest  powers,  appeal's  as 
so  minute  an  object  that  to  reprasent  it  in  a  drawing  requires  a 
very  delicate  touch,  and  it  is  only  too  easy  to  make  a  picture  which 
gives  an  erroneoius  impression  to  those  who  have  not  seen  the 
original.  If,  on  the  other  hand,  to  represent  the  object  more 
clearly  we  draw  an  enlarged  picture,  we  can  only  do  so  by  repre- 
senting what  we  think  the  object  would  be  like  if  it  could  be 
amplified  to  the  size  represented.  In  such  cases  a  photographic 
enlargement  is  certainly  more  valuable. 

Photography  enables  us  also  to  record  rapid  changes,  and  it 
is  possible  that  as  the  art  advances  we  may  find  that  the  film  is 
more  sensitive  than  the  human  retina,  and  brings  out  details  in 
bacteria  which  would  be  otherwise  unseen. 

Photographs  can  be  readily  transmitted  by  post,  and  when  we 
can  neither  make  a  great  number  of  preparations  to  illustrate 
h:ome  object,  nor  perhaps  be  able  to  go  to  the  expense  of  having  a 
drawing  reproduced,  this  method  will  be  of  value  in  enabling  others 
to  benefit  by  our  observations. 

The  author  is  convinced  that  if  the  employment  of  photography 
is  encouraged  in  bacteriological  and  other  research  laboratories  for 
depicting  microscopical  preparations  and  cultivations  of  bacteria,  the 
results  of  increasing  experience  and  practice  will  lead  to  its  being 
made  more  general  use  of  as  a  faithful  and  graphic  method,  valuable 
alike  for  class  demonstrations  and  for  illustrating  publications. 
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ETIOLOGY  AND  PREVENTION  OF  INFECTIVE 

DISEASES. 


171 


CHAPTER   XIII. 

SUPPURATION,    PYiEMIA,   SEPTICiEMIA,    ERYSIPELAS. 

Abscess. 

When  inflammation  is  followed  by  an  accumulation  of  leucocytes 
and  of  plasma  which  does  not  coagulate,  the  result  is  a  white  or 
creamy  liquid  called  pus,  and  when  the  surrounchng  tissues  are 
involved  so  that  a  cavity  develops  containing  pus,  we  have  what 
is  termed  an  abscess.  The  almost  constant  association  of  bacteria 
with  the  production  of  pus  has  created  a  beUef  that  they  are 
the  direct  cause  of  suppuration.  Ogston  found  micrococci  present 
in  all  acute  abscesses,  and  concluded  that  acute  inflammation  was 
invariably  due  to  their  presence.  The  fact  that  inflammation 
occurs  more  frequently  in  the  external  tissues  of  the  body  is 
accordingly  explained  by  the  ready  entrance  of  bacteria  which 
are  in  the  air ;  and  suppuration  following  pericarditis,  pleurisy, 
and  other  conditions  in  which  air  is  excluded  is  attriliuted  to  the 
presence  of  pyogenic  cocci,  which  have  gained  access  by  the  blood 
stream.  There  is  no  pyogenic  organism  constantly  present,  but 
several  different  species  of  bacteria  have  been  isolated  from  pus 
and  carefully  studied,  and  the  antiseptic  treatment  is  based  upon  the 
principle  of  excluding  bacteria  in  surgical  operations,  and  destroying 
any  which  may  have  previously  obtained  access  to  wounds  and 
broken  surfaces.  Inflamed  tissue  and  pus  form  a  most  suitable 
medium  for  the  growth  of  bacteria,  which  in  some  cases  are 
unquestionably  only  accidental  epiphytes. 

In  tuberculosis,  actinomycosis,  and  glanders,  pus  formation  may 
take  place  without  the  presence  of  pyogenic  cocci ;  and  it  is  generally 
believed  that  chemical  irritants,  such  as  croton  oil,  turpentine,  iodine, 
cadaverin,  and  tuberculin,  will  excite  the  formation  of  pus  in  the 
absence  of  bacteria,  although  Klemperer,  after  a  number  of  very 
carefid  experiments,  maintains  that  no  geimine  pus  will  be  produced 
if  the  chemical  irritants  are  first  carefully  stenlLsed. 
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Tbe  bacteriu  whicli  have  be«n  isolated  from  pus  include  :  — 
Staphylococcus  pyogenes  aureus,  albnB,  and  citi-eus.  Staphylo- 
coccus cereua  flavus  and  iilbus,  Streptococcus  pyogeree,  Micrococcus 
pyogeoes  tenuis.  Micrococcus  pneumonife  croupoeee,  Bacillus  pyo- 
oyaneus,  Bacillus  pyogeueH  ftetidus.  Micrococcus  tetragenus,  Bacillus 
iatracellularis  lueningitidiK,  Gonococcus,  Bacillus  septicus  vphick, 
TJroba<;i]luH  liquef&cieus  septicus,  Bacillus  typhuHus,  Bacillus  coli 
comniuuiH,  Bacillus  anthracis,  BucilliiH  tubei'cul<«is,  BacilluH  mallei, 
and  Aftinomvcfti. 


¥Ui.   83,— SUPFCIUTIOK  OF  SUBOUTANKtIS  TlBSinC 


d,  Leiiooo;t«  conlBimng  n 
necmtnii-,  c,  fixed  connective  tisHUe  e 
nuclei,  of  which  some  (ti')  ure  i»le  »nti  necrotii' :  niimeriiiis  cucci,  diiiliiuitti. 
Mid  nliort  cliains.    (CoKNIUand  Eanvieeu) 

Some  idea  of  tbe  distribution  of  the  liacteria  most  communlv 
uccurritig  in  pus  may  be  gathered  from  the  racordK  made  by  Passet 
Hud  by  Earliiiski. 

Basset  examined  acute  absueaace,  aud  found  Stapbyloco[«us 
pyogenes  aureus  anil  albus  in  11  casex,  Staphylococcus  pyuganes 
albus  alone  in  4,  Staphylococcus  pyogenes  albua  and  citreus  in  2, 
Streptococcus  pyogenes  alone  in  8,  Staphylococcus  pyogenes  albus 
and  Streptococcus  pyogenes  in  1,  and  Staphylococcus  pyogenes  aibus 
and  citreus,  and  Streptococcus  pyogenes  in  1. 
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Karlinski  tabulated  his  cases  tbua  : — 


•  3|  ^i? 


H*atitis 

SobCDtaneona  Abace^ti 

PhleKmoD  . 

PnmDcle    . 

Bnbo  .... 

6abperiai<t«al  Abac  ess 

Fwuritinin  Catanemn 

PanBiitium  Oaaemn  . 

Dental  AbscesH  . 

Bordeolnm 

Abeoew  of  the  Middle  B 

CRrbnncIo  . 

Oat  earn  jielitia 

ToUl . 


PT.£IIU  AMD  SEPnC£HIA. 

When  pyogenic  micrococci  get  access  to  the  blood  streiim  they 
may  be  carried  into  distant  parts,  and  by  multiplying  produce  meta- 
static abttcessee  in  the  lymphatic  glands,  bones,  joints,  liiul  internal 
organtj,  a  condition  which  is  recognised  as  pyeemiu. 

If  there  is  a  general  invasion  of  the  blood  stream  by  micrococci, 
and  absorption  of  their  poisonous  products,  septictemia  results,  and 
death  may  occur  before  the  development  of  any  secondary  lenions. 
When  septic  micro-organisms  multiply  locally,  and  their  chemical 
products  are  absorbed,  or  thbir  products  are  separated  from  putrid 
material  and  injected  into  the  circulation,  the  result  may  be  called 
m^trtemia.  The  blood  in  septicemia  contains  living  organisms,  and  is 
infective.  The  blood  in  saprumia  contains  only  the  toxic  chemical 
products,  and  is  not  infective.  Thf  one  is  septic  infection  and  the 
other  septic  intoxication.  Pyemia  may  follow  accidental  wounds, 
surgical  operations,  parturition,  acute  suppuration  of  Ixines,  scarlet 
fever,  typhoid  fever,  and  other  diseases. 

To  avoid  pyiemia  in  snrgery  and  raidwifeiy,  the  greatCHt  care 
must  be  taken  to  prevent  micro-organisms  fi-om  being  conveyed  by 
instruments,  sponges,  bandages,  and  by  the  hands  of  the  .surgeon 
or  the  obstetric  physician.  By  the  use  of  antiseptics  arid  absolute 
cleanliness  the  chances  of  infection  are  reduced  to  a  minimum. 
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Rosenbuch  examinefl  six  cisen  of  metastatic  pyaemia :  Strepto- 
coccuH  pyogenes  was  found  five  times,  partly  in  the  blood  and  partly 
in  the  mettistatic  dejxjsits,  and  twice  in  comimny  with  Staphylococcus 
pyogenes  aureus. 

Baumgarten,  also,  found  Streptoccx'cus  pyogenes  in  the  internal 
organs  in  pya»mic  cases,  and  Eiselsberg  found  Streptococciis  pyogenes 
in  a^mpany  with  Staphyloc(x?cus  pyogenes  aureus  in  the  blood  of 
cases  of  se[)ti(^mia. 

Frankel  isolated  a  8trei)tococcus  from  pueq)eral  fever,  which 
lie  at  first  calle<l  Streptococcus  puer()eralis,  but  subsequently 
identified  with  Streptococcus  pyogenes.  These  researches  have 
l>een  confirmed  y)y  others.  Winkel  obtained  a  pure  cultivation  of 
a  streptocjoccus  from  the  bicxxl  of  the  heart  in  a  case  of  puer{)eral 
I)erit<»nitis.  It  produced  erysipelatous  i*edness  when  in(x;ulated 
in  the  rabl>it's  ear,  and  in  form  and  in  cultivation  was  similar  to 
the  8tre[»toco('cus  in  erysipelas.  Gushing  also  found  Streptococcus 
pyogenes  associat^Ml  with  [)uerperal  infection.  The  cocci  were 
found  in  endometritis  cUphtheritica  Jis  well  as  in  secondary  puerj)eral 
inflammation.  Tliese  observations  were  still  further  confirmed  by 
Baumgart'f^n,  and  Bumm  isolatefl  the  s;ime  organism  in  puerpei*al 
mastitis. 

Description  of  Bacteria  in  Pus. 

A  description  may  now  bo  given  of  the  c(x»ci  most  frequently 
found.  Staphyltx^occus  pyogenes  auixnis  and  albus  and  Strepto- 
coccus pyogenes  and  Gonococcus  are  the  most  im|X)rtant  of  these. 
Staphylococcus  pyogenes  citreus,  cereus  albus  and  flavus,  are  pro- 
bal)ly  merely  epiphytic.  Microc<K*cus  tetragenus.  Micrococcus 
pyogcMies  tenuis,  Bacillus  pyogeiMis  fcetidus,  Bacillus  pyocyaneus. 
Bacillus  coli  communis,  Bacillus  septicus  vesica*,  Urobacillus  li(pie- 
faciens  septicus,  and  Bacillus  intracellulans  meningitidis  will  be 
described  fully  in  Part  111.  The  description  of  Actinomyces,  of 
Micrococcus  pneuTiionice  crouposaj  and  of  the  bacilli  of  anthrax, 
tulx'rculosis,  glanders,  and  typhoid  fcjver,  will  be  found  in  other 
chaptt*i*s  in  Part  II. 

Staphylococcus    pyogenes    aureus    ( Rosenbach).  —Yellow 

coccus  in  pus  (Ogston).  Gocci  singly,  in  pairs,  very  short  chains,  and 
irregular  masses.  ('ultivattMl  on  nutrient  agar-agar,  an  orange- 
yellow  culture  develops,  looking  like  a  streak  made  with  oil  paint, 
(hie  variety  grows  on  nutrient  gelatine  without  liquefying  it ; 
another   prcxluces    rapid    li<pief action,  and    tliti  growth  subsides  as 
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Bu  oiiuige- yellow  sediment.  On  potutoes  iiud  blorHl  Kerum  a  siuiilnr 
oranHB-yellow  culture  grows  luxuriantly.  Tliey  miiy  hImo  form 
c^ourleett  gmwthK  in  8ub-cultur«tj,  and  are  then  iriciiMtinguLshuhle 
from  Staphylocoociis  pyogenes  nlbns.  Tlie  cocci  do  not  cauM  any 
septic  odour  in  pun,  nor  does  any  gas  develop.  Albiiniin  is  con- 
verted by  their  action  into  peptones,  ,^ 
They  produce  rapid  ammoniacai  fer- 
mentation in  urine  (Sliattock). 

The  micro- organiKnut  injected  iutu 
tite  pleura  or  knee  of  a  rabbit  produce, 
ne  A  role,  s  fatal  retrnlt  on  the  following 
day  ;  but  if  it  survives  longer,  it  eventii- 
nlly  diett  of  severe  phlegmon.  If  injected 
into  the  knee  of  a  dog,  suppuration 
occors,  followed  by  disintegration  of  the 
joint.  Injected  iuto  the  peritoneal  {Tju 
cavity  of  animals,  they  set  up  perito- 
nitis, ant]  iutrtMlnced  iuto  the  jugular 

vein  they  produce  septicemia  and  death.  When  a  small  cjuantity  of 
a  cultivation  is  introduced  into  the  jugular  vein  after  previous  fracture 
or  contusion  of  the  bones  of  the  Itg,  the  nnimul  dies  in  about  ten  daj-s, 
and  ahsoesttes  aie  found  in  mid  around  the  bones,  and  in  some  oases  in 
the  lungs  and  kidneys, 
and  the  cocci  are  found 
in  the  blood  and  jais. 

Garre  cnnse.!  sup- 
puration by  inoculating 
a  pui-e-culture  ill  a 
wound  near  his  linger 
iiail.  Bockhartsuffereil 
fnmi  tiovenil  pustides 
after  vaccinating  his 
armwitliapur<'-(>tdture 
suspended  in  salt  s<du- 
tion,  an<l  Buuiiii  gave 
himself  a  hyiKiderinic 
injection  of  a  puw- 
eulture   anil    priHluced 


Fig.     8.'i.— SlMCLTANlKlL-l     TlSSfK     OK     A     RABBIT    48 
HOI'HS   -MTIB   AN  ISJIM-nOS  orSTAPKTtOCOCt'l,   x 

BOO  (Bauhu-uiten). 


.  Thisi 


orgoniam  is  pnictically  nbi<|uitouM.  It  has  l«eu  cultivated  fiiun 
the  skin  ami  mneous  memWaues  and  secretions  of  healthy  iiersons, 
nod   it  occurs  in  the  air,  in  soil,  in  dust,  and   in  water,  and   in 
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association  with  Huppunition,  pysemia,  puerperal  fever,  and  acute 
osteomyelitis. 

Staphylococcus  pyogenes  albus  (Rosenbach). —Cocci  micro- 
scopically iDdistinguishable  from  the  above.  In  cultivations  also 
they  resemble  Staphylococcus  pyogenes  aureus,  but  the  growth 
consists  of  opaque  white  masses.  They,  as  a  rule,  liquefy  nutrient 
gelatine  very  rapidly,  and  subside  to  the  bottom  as  a  white  sediment ; 
more  rarely  they  liquefy  very  slowly ;  and  a  variety  has  also  been 
describe<l  which  does  not  produce  any  liquefaction.  They  are  similar 
to  the  above-mentioned  in  their  pathogenic  action.  Pure-cultivations 
of  the  organism  were  obtained  fi*om  a  case  of  acute  suppuration 
of  the  knee-joint. 

Staphylococcus  pyogenes  citreus  (Passet). — Cocci  singly,  in 
pairs,  very  short  chains,  and  irregular  masses.  If  cultivated  on 
nutrient  gelatine  or  nutiient  agar-agar,  a  sulphur  or  lemon-yellow 
growth  develojM.  When  inoculated  under  the  skin  of  mice,  guinea- 
pigs,  or  rabbits,  an  abscess  forms  after  a  few  days,  from  which  a 
fresh  cultivation  of  the  micro-organism  can  be  obtiiined. 

Staphylococcus  cereus  albus  (Passet).— Cocci,  morphologic- 
ally similar  to  the  above,  but  distinguished  by  forming  on  nutrient 
gelatine  a  white,  slightly  shining  layer,  like  drops  of  stearine  or  wax, 
with  somewhat  thickened,  irregular  edges.  In  the  depth  of  gelatine 
they  form  a  greyish -white,  granular  thread.  In  plate-cultiva- 
tions, on  the  fii'st  day,  white  |X)ints  are  observed,  which  spread 
themselves  out  on  the  surface  to  spots  of  1  to  2  mm.  When  culti- 
vatcnl  on  bhxMl  nerum  a  greyish -white,  Klightly  shining  streak 
develops,  and  on  potatoes  the  cocci  form  a  layer  which  is  similarly 
coloured. 

Staphylococcus  cereus  flavus  (Passet). — Cocci  which  produce 
in  nutrient  jelly  a  gn)wth  which,  at  tii*st  white,  becomes  lemon- 
yellow,  somewhat  darker  in  colour  than  Staphylococcus  pyogenes 
citreus.  Microscopically  Staphylococcus  cereus  flavus  corresponds 
with  Staphylococcus  cereus  albus.  Inoculation  experiments  with 
l)oth  kinds  give  negative  results. 

Streptococcus  pyogenes  (Rosen bach). — Cocci  occurring  singly, 
in  masses,  and  in  chains.  The  individual  cocci  are  small  spherical 
celh*,  with  a  special  tendency  after  fission  for  the  resulting  elements 
to  remain  attachcnl  to  each  other,  forming  chains  or  rosaries.  In 
cultures  on  solid  media  they  often  occur  in  the  form  of  staphylococci, 
but  in  li(piid  cultures  there  may  Ije  a  few,  thi'ee  or  more  elements, 
linke<l  together  ;  or  a  great  number,  forming  long  chains  which  may 
be  straight,  seri)entine,  or  twiste<l. 


DESCRIPTION    OF    PLATE    IV. 
Streptococcal  'Pjogenm. 

Fig.  1. — From  a  cover-glass  preparatdon  of  pas  from  a  pyemic  abscess. 
Stained  with  gentian-violet  by  the  method  of  Gram,  and  contrast-stained 
with  eosin.     x  1200.    Powell  and  Lealand's  apochromatic  ^  Horn.  imm. 
E.  r.  10. 
Fig.  2.— From  cover-glass  preparations  of  artificial  cultivations  of  the  strepto* 
coccus  in  broth  and  in  milk  at  different  stages  of  growth,    x  1200.    Powell 
and  Lealand's  apocbromatic  ^  Hom.  imm.    E.  P.  10. 
In  these  preparations  there  is  a  great  diversity  in  size  and  form  of  the 
chains  and  their  component  elements.    In  the  drawing  examples  are 
figured  of  the  following: 
(a)  Branched  chains. 
(6)  Simple  chains   composed  of  elements  much  smaller  than  the 

average  size, 
(c)  Chains  with  spherical  and  spindle-shaped  elements  at  irregular 
intervals.    These  are  conspicuous  by  their  size,  and  are  sometimes 
terminal. 
(d  e)  Chains  in  which  the  elements  are  more  or  less  uniform  in  sise. 
(/)  Complex  chains  with  elements  dividing  both  longitudinally  and 
transversely,  and  varying  conbiderably  in  size  in  different  leng^ths 
of  the  same  chain. 


1       ' 

I    . 
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Tlie  individual  elements  composing  the  chains  will  be  found  to 
vaiy  considerably  in  size  :  here  and  there  in  a  preparation  will 
be  found  a  chain  comj)osed  of  excessively  small  cocci,  in  another 
part  the  elements  will  be  all  on  a  larger  scale,  and  again  in 
another  part  they  will  be  peculiarly  conspicuous  on  account  of  their 
size.  So  great  is  the  diversity  in  the  size  of  the  cocci  in  some  of  the 
chains,  that  one  might  imagine  that  there  was  more  than  one  kind 
of  streptococcus  preseilt  in  a  preparation,  until  on  examining  some 
of  the  longest  chains  it  is  observed  that  various  sizes  are  repre- 
sented in  diflFerent  lengths  of  the  same  chain.  Very  characteristic 
appearances  result  from  the  fact  that  the  cocci  enlarge  and  (Uvide 
both  longitudinally  and  transversely ;  and,  indeed,  the  largest,  for 
the  most  part,  clearly  show  a  division  in  two  dii*ections,  resulting 
in  the  formation  of  tetrads.  In  addition  to  the  forms  resulting 
from  the  fission  of  the  cocci,  there  are  here  and  there  in  a  chain, 
and  sometimes  terminally,  larger  elements,  wliich  are  spherical, 
spindle-shaped,  or  in  the  form  of  a  lemon.  In  the  length  of  the 
chains,  as  in  the  size  of  the  individual  cocci,  there  is  usually  great 
diversity.  In  some  cases  they  are  composed  of  only  a  few,  three 
or  four  cocci;  in  others  eight,  ten,  or  twenty.  Here  and  there 
an  exquisite  rosary  will  extend  in  a  straight  line  across  the  field 
of  the  microscope,  or  be  twisted,  curved,  or  serpentine  ;  in  some 
preparations  twisted  or  entangled  strands  are  observed  which  are 
composed  of  several  hundred  elements.  Sucli  chains  will  be  found 
to  be  much  thicker  in  one  part  than  another.  Another  char- 
acteristic appeiirance  is  produced  by  sepai*ation  of  the  elements 
resulting  from  fission  in  the  long  direction  r>f  the  chain,  by  which 
lateral  twigs  or  branches  are  formed.  Another  character,  which 
is  very  striking,  may  be  seen  when  the  individuals  in  a  chain 
have  become  separated ;  an  unstained  or  faintly  stained  membrane 
may  be  foimd  bridging  across  the  interval.  This  will  l>ecome  still 
more  visible  in  preparations  contrast-stained  with  eosin. 

In  plate-cultivations  the  appearances  of  the  colonies  are  not  vei  y 
striking.  They  appear  to  the  naked  eye  after  three  or  four  days 
as  extremely  minute,  greyish-white,  translucent  dots,  which  und^r 
the  microscope  have  a  slightly  yellowish-brown  colour.  They  are 
finely  granular  and  well  defined.  They  do  not  licjuefy  the  gelatiiu% 
and  after  several  weeks  may  not  exceed  the  size  of  a  pin's  head. 

If  the  siuface  of  nutrient  gelatine  solidified  obliquely  be  traced 
over  once  or  twice  with  a  platinum  needle  bent  at  the  extremity 
into  a  little  hook  charged  with  the  cocci,  a  ribbon -shaped  film 
develops  in  two  or  three  days.     This  film  is  comjK)sed  of  minute. 
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greyish-white,  translucent  dots  or  droplets,  which  can  be  more  easily 
recognised  with  the  aid  of  a  pocket  lens  (Fig.  87).  According  to 
the  number  of  organisms  sown  on  the  jelly,  the  dots  or  colonies 
may  be  completely  isolated,  or  form  a  more  or  less  continuous 
film.  The  film  by  reflected  light  has  an  iridescent  appearance  like 
mother-of-pearl,  but  has  a  bluish  or  bluish-grey  tint  by  transmitted 
light,  and  with  a  pocket  lens  appears  distinctly  brownish.  The 
gelatine  is  not  liquefied,  and  even  after  severill  weeks  the  cultivation 
is  limited  to  the  inoculated  area,  and  the  individual  colonies  are,  as 
a  rule,  not  larger  than  pins*  heads.  In  gelatine-cultivations  of  the 
same  age,  but  kept  in  the  incubator  at  18°  C,  the  colonies  get 
irregular  in  form,  especially  at  the  margin  of  the  film,  and  give  the 
growth  an  arborescent,  fringed,  or  serrated  appearance.  Cultivated 
on  the  oblique  surface  of  nutrient  agar-agar  at  37°  C.  the  growth  is 
very  similar,  forming  a  film  composed  of  minute  white  colonies 
like  grains  of  sand ;  but  the  film  appears  less  transparent,  L«i 
whiter,  and  the  colonies  have  a  greater  tendency  to  get  irregular 
in  form.  If  inoculated  with  one  tracing  of  the  needle  the  growth 
is  scanty,  but  tends  to  get  thicker  in  the  centre  than  towards  the 
margins,  which  may  have  a  terraced  appearance.  Inoculated  in 
the  depth  of  gelatine,  there  appears  after  a  day  or  two  at  18°  C.  a 
thread-Uke  gi-owth  along  the  track  of  the  inoculating  needle.  Thus 
delicate  gi'owth  is  found  on  examination  \%*ith  a  pocket  lens  to  consLst 
of  a  linear  series  of  extremely  minute  granules.  In  a  few  days 
more,  the  beads  or  granules  become  more  marked,  but  even  after 
weeks,  the  cultivation  only  appeal's  like  a  string  of  minute,  white, 
compact,  globular  masses  or  gi-ains.  In  broth  at  37°  0.  the  cocci  iu 
twenty-four  hours  create  a  turbidity,  and  gradually  develop  beauti- 
ful chains  varying  in  length  according  to  the  ago  of  the  cultivations. 
Even  in  foi-ty-eight  hours  there  may  be  chains  of  eight,  ten,  twenty, 
or  a  hundred  elements.  After  a  few  days  the  growth  settles;  down 
at  the  bott<>m  of  the  tube  in  the  form  of  a  white  deposit,  while  the 
supernatant  litpiid  becomes  again  clear. 

Inocndated  suljcutaneously  in  the  ear  of  rH))bits,  they  }>r()duce  in 
two  days  an  inflammatory  thickening  with  erysipelatous  rechiess, 
or  sometimes  suppiu-ation. 

They  may  occur  in  vaccine  lymph,  as  the  i-esult  of  con- 
tamination, and  Pfeiffer  suggested  that  before  calf  lyni})h  is 
employed  for  vaccination  it  should  be  tested  on  a  rabbit's  ear. 
If  in  two  days  no  rash  has  been  produced,  the  p)ssibility  of  the 
pii\sence  in  tlie  lymph  of  Sti'ept<x?()ccus  pyogenes  or  erysi}:olatis 
is  excludes  I. 
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According  to  Fliigge  and  others,  after  subcutaneous  inoculation 
of  mice  with  a  small  quantity  of  a  cultivation,  there  is  no  result  in 
80  per  cent,  of  the  animals  experimented  upon.  Sometimes  there 
is  limited  pus  formation  at  the  seat  of  inoculation,  sometimes  the 
animals  die  without  any  very  striking  pathological  appearances. 

They  occur  in  abscesses,  pyaemia,  and  septicaemia,  and  are  often 
found  in  diseases  such  as  scarlet  fever  and  typhoid,  associated  with 
septic  complications.  They  have  been  isolated  from  air,  soil,  and 
water. 

The  streptococcus  found  in  erysijielas  agrees  in  description,  and 
is  merely  a  variety  of  Streptococcus  pyogenes.  It  has  been  definitely 
established  by  the  researchas  of  Fr'ankel  and  Freudenberg,  and  later 
by  those  of  the  author,  Raskin,  Prudden,  and  Bayard  Holmes, 
that  Streptococcus  pyogenes  Ls  frequently  found  in  scarlet  fever  and 
diphtheria,  and  in  other  diseases  associated  with  septic  complica- 
tions. The  author  has  isolated  Streptococcus  pyogenes  from  acute 
abscesses,  from  suppuration  after  surgical  operations,  from  pyaemia, 
from  pyaemia  after  scarlet  fever,  and  from  purulent  peritonitis. 
Some  of  these  cultures  have  been  kept  up  for  very  long  periods, 
extending  over  some  years,  so  that  opi)ortunities  <K!curred  for  a 
complete  investigation  into  the  life  history  of  this  micro-oiganism. 
Variations  in  the  iipj>earances  of  cultui'es  have  been  observed  when 
obtained  from  the  same  source.  A  number  of  cultures  from  pus 
were  prepared  on  gelatine  and  agar,  made  according  to  the  usual 
formula,  but  at  different  dates,  and,  therefore,  varying  slightly  in 
compositicm  and  quality.  Sub-cultures  were  also  started  in  nutrient 
gelatine  of  precisely  the  same  composition,  but  fnmi  primary  cul- 
tures of  the  same  micro-organism  in  different  media — agar-agar, 
milk,  and  broth.  The  descriptions  of  the  streptococcus  hitheiix) 
pablishQil  were  then  found  to  be  inadequate.  The  different  cultures 
and  sub-cultures  presented  striking  variations  in  the  microscopical  and 
macroficopical  appearances.  Some  sub-fcultures  on  gelatine,  for  (exam- 
ple, exhibited  a  finely  dotted  appearance,  others  showed  every  variety 
in  the  size,  and  degree  of  opacity  of  the  colonies  (Fig.  89).  Cultures 
in  broth  also,  varied  in  appearance,  owing  to  slight  variation  in  the 
composition  of  the  medium,  to  slight  differences  of  temperature?,  and 
other  conditions  difficult  to  determine.  The  addition  of  glycenne  to 
broth  materially  alters  the  appearance  of  the  culture.  It  was  con- 
clusively proved  that  minute  differences  arise  from  different  conditions 
of  the  cultivating  medni.  The  author  was  led  to  study  exhaustively 
the  streptococcus  of  acute  suppuration  in  bovines.  Primary  cultures 
of  Streptococcus  pyogenes  from   man,  and   primary  cultui*es  from 
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a  case  of  purulent  j>ent<)nitis  in  a  cow,  wei'e  earned  through 
sub-cultures  under  exactly  similar  conditions.  -CultivatiouK  of  the 
8trei)tococcus  pyogenes  Iwvis  exhibited  variations  in  micro«copical 
and  cultural  characters  which  were  even  more  market!  than  in  the 
case  of  the  Streptococcus  pyog€»nes  hominis.  By  selectin;^  certain 
cidtures  from  hoth  sources  there  was  a  sinking  similarity  if  not 
i<lentity  Ix'tween  them,  but,  when  comi>ared  under  exactly  identical 
conditions,  there  was  more  difference  in  cultural  characters  l>etween 
the  StreptoctK'cus  pyogene^s  Iwvis  and  the  Streptoc(x«us  pyogenes 
lumiinis  than  between  the  Streptococcus  pyogenes  hominis  and  the 
Streptococcus  erysi{)elatis,  and  they  may  therefore  \ye  regaixled  as 
distinct  varieties  (Figs.  89,  90). 

Some  of  the  diseases  and  conditions  in  which  Streptococcus 
pyogenes  luis  l)een  found  may  he  alluded  to  more  in  detail. 

Spretidhifj  ( r  ang rfi it f.— From  a  case  of  spreading  gangrene,  which  was 
identical  with  Ogston's  erysipelatoid  wound  gangrene,  and  regarded  by 
him  as  the  most  intense  and  dangerous  form  of  erysipelas,  Rosenbach 
obtained  pure-cultivations  of  a  streptococcus  by  incising  the  skin  of  the 
limb,  and  inoculating  tubes  from  the  turbid  reddish  fluid  which  escaped. 
That  the  streptococcus  was  identical  with  Streptococcus  pyogenes  was 
ascertained  by  comparison  with  a  cultivation  derived  from  pus,  of  the 
mode  of  growth,  and  of  the  effect  on  animals. 

Surff/nil  Fever. — Eiselsberg  proved  the  presence  of  a  streptococcos 
in  the  blood  of  several  cases  of  surgical  fever  in  Billroth 's  clinic  The 
organism  was  identified  by  cultivation  with  Streptococcus  pyogenes. 

Diphihcna. — In  three  cases  of  typical  diphtheria,  Loffler  found  a 
streptococcus.  He  isolated  it  by  cultivation,  found  that  it  was  similar 
in  form,  characters  on  cultivation,  and  effects  after  inoculation,  to 
Fehleisen's  streptococcus  of  erysipelas.  LiifHer  was  not  inclined  to 
regard  them  as  identical,  because  Fehleisen  never  found  bis  cocci  in  the 
blood-vessels.  Flllgge  named  the  organism  Streptococcus  articulorum, 
and  states,  that  after  subcutaneous  inoculation  or  injection  of  a  cultiva- 
tion in  mice,  a  large  proportion  of  the  animals  die,  and  in  the  sections 
of  the  spleen  and  other  organs  the  streptococci  are  again  seen.  Baum- 
gartcn  investigated  the  same  subject,  and  decided  that  the  streptococcus 
was  identical  with  Streptococcus  pyogenes. 

Smnll-pax. — Hlava  has  established  the  presence  of  Streptococcus 
pyogenes  in  the  pustules  of  variola,  and  (}arr<'  found  streptococci  in  the 
internal  organs  in  a  case  of  variola  ha3morrhagica.  In  a  fatal  case  of 
variola  complicated  with  pemphigus.  Gam'  found  a  streptococcus  in 
the  pemphigus  vesicles.  Whether  it  was  identical  with  Streptococcus 
erysipelatis  Garro  left  an  open  question. 

YeUtnc  Ft'vtr.  Bab^s  observed  the  presence  of  streptococci  in  the 
vessels  of  the  kidney  and  liver  in  yellow  fever.  Cultivation  experiments 
are  wanting.  It  was  probably  a  case  of  secondary  infection  with  Strepto- 
coccus pyogenes. 
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Bilious  Fever. — Bab^s,  in  a  case  of  fifevre  bilieuRe  typhoide,  found 
masses  of  streptococci  filling  the  vessels  of  the  liver,  kidney,  and  spleen. 
This  was  probably  another  instance  of  secondary  infection  with  Strepto- 
coccus pyogenes. 

MeasUa. — From  the  blood  and  inflammatory  post-products  in  measles^ 
Bab^s  isolated  a  streptococcus,  which  he  describes  as  closely  resembling 
the  Streptococcus  pyogenes. 

Uirertttive  Endocarditis. — Wyssokowitsch  found  cocci  in  the  internal 
organs  in  ulcerative  endocarditis,  and  produced  the  disease  in  animals, 
after  injury  to  the  valves,  by  injection  of  Streptococcus  pyogenes  and 
other  organisms.  Weichselbaum,  by  microscopical  research  and  by 
oultivation  experiments,  proved  the  presence  of  Streptococcus  pyogenes 
in  acute  verrucous  endocarditis^     Baumgarten  confirmed  this.     He  found 
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Fig.  86.— Ulc?ebative  Endocarditis  :  Section  of  Cardiac  Muscle,  x  700  (Koch). 


Btreptococcus  pyogenes  alone  in  one  case  and  accompanied  by  Staphylo- 
ooocuB  aureus  in  another. 

Broncho-imevmonin. — Thaon  found  a  streptococcus  in  the  lungs  of 
children  in  fatal  cases  of  broncho-pneumonia,  complicating  measles, 
diphtheria,  and  whooping  cough.  It  was  regarded  as  identical  with  the 
atreptoooccus  isolated  by  Loffler  from  diphtheria.  Frankel  discovered 
a  streptococcus  in  the  lungs  of  a  case  of  true  croup  complicated  with 
broncho-pneumonia,  and  by  cultivation  established  its  identity  with 
Streptococcus  pyogenes. 

Anthrax. — Charrin  found  cocci  in  rabbits,  examined  some  hours  after 
death  from  anthrax.  These,  when  isolated,  produced  death  in  rabbits 
from  septicsemia,  without  suppuration.  Chains  composed  of  from  fifteen 
to  twenty  elements  were  found  in  all  the  organs.  This  was  probably 
another  instance  of  Streptococcus  pyogenes. 

Syphilid. — Eassowitz  and  Hochsinger  found  the  presence  of  a  strepto- 
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ciiiwtu  iu  tlia  IJmiics  ■lid  iiiUrnal  nrgnon,  and  Mpeciall;  in  tbo  1>)ooi]- 
Tea*«la.  id  f»tnl  cue*  of  ouiigetiltal  (yphilii.  1'heM  ubaerren  raganled  j 
thMr  diaoovcrjr  u  hnving  an  important  bearing  on  thr  etiology  of  ■ypfaili*. 
bat  Kolisko  puintnj  ont  Uut  it  wiw  onlj  tho  rc«iilt  of  tvplio  iottFCtioti 
will)  (iTOBcnce  of  StreptooiHTOii*  pyngrnim.  oi  luu)  aUvady  been  entnblialvil 
in  Moarlet  fvvcr. 

Ctrrlirif/i^nal  M'-aiiujilu.  -From  ihc  meningeal  «xD<latioii  of  •  out 
^f  apparently  idiopathii:  o«roltro-ni(<iiin)|;itiK,  Haiiti  found  t<tr«plocacc(M 
pyogeam  anil  SutphylococaiiH  anrcDs  aoU  alliiii-.  The  cooci  proUkUy 
vntcrcd  through  an  sb*c«M  of  tlii  jtjununi. 


II 
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rrpnt  gdutinr  t  6.  in  tho  depth  uf  nutiienl  KtiUttni- : 
m  thi>  (urfiuv  uf  nntrieiit  i>(pir. 


nir/ihiiiiiilfnil''  "ml  Ih'i-ryori/iliK. — Widnurlc  iaolntcd  iiy  cultivationa 
StTeptonvxiia  pyogenes  and  other  orgnninniB  from  C8«««of  blepliariidciiiti* 
and  pbl«igmonuiiii  daoryouyttiH.  In  pblvgmonoua  dacryncystis  Widmark 
found  Streptococcna  pyogenea  almost  exchisiTely. 

^fiuiitiMiri.^FUtgge  uullivated  ^  strepUiooGcm  from  necrotic  patchec    ' 
in  tha  uplmn  of  a  fatal  oise  of  leukicinin.    Ciilturea  corrvspunded  very 
closoly  with  f^tmptouoccus  pyogeiie*.    Inoouktion  in  tbn  oars  uf  rabbit* 
produced    dimilnr    results  to    Streptococcun   pyogenet    or    eryaipelstiii.   ' 
Flllggo  call*  it  Streplot^occoB  pyogenes  maliguus,  but  cnncluden  that  11   I 
i«  probably   dentinal  with  the  strrptocoocnn  from  pui*. 
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Ehysipeijis. 

E!r\>apelas  u*  an  iw:ute  inflnniDiAtioD  of  the  xkiti  uccurnng  in 
connection  with  wounds,  when  it  is  trniiinatii'  and  (iti  slll■fllce^ 
nppareiitH  sound  when  it  la  idiopathic  tis  in  erj-apehts  of  the 
fuce  It  u)  high)}  co&tagioua  in  siugicHl  w  iifK,  und  it  fti\ea  nse 
to  nipidlv  futo]  puerperal  fe\er  lu  lying  in  huHpitidi  In  such  cn-^e-* 
the  vinu.  is  obviously  conveyed  from  sick  to  heiilthj  persoiih  b\ 
direct  contact  or  by  instrumentu  and  bjKitigeH,  or  b\  the  hiiiid 
of  the  diirgeon,  phyracian,  or  niir^e,  and  [Ki-Aiblj   b>  the  an 


Btreptocoocns  of  Eryfllpelas.  -In  1882,  Fehleisen  iHolnteil  a 
streptococcHK  in  crysipeluw,  described  the  api>eai-aiioes  on  cultivation, 
and  maintained  that  it  could  be  distinguished  fi'om  the  stteptococcns 
ot  Bnppuratiun.  Kosenbach  agr^Kl  that  the  two  niiciti- organisms 
coold  be  distin^ished  by  jMirallel  experiuientg,  and  named  the  one 
Streptococcus  pyogenes  and  the  other  Streptococcus  erysi|)elHtis. 
(Fehleieen).  Roseiibiich  assei-teil  tliat  the  coloiiia-i  of  the  luttet- 
were  more  opaque  and  whiter  than  thase  of  Streptococcus  jiyogenes 
and  the  growth  more  marked  in  the  depth  of  nutrleut  gehitine, 
while  microRcopicully  the  chains  wei-e  better  marketl  ati<l  liirger,  and 
the  individual  cocci  larger  than  in  Streptoc^fccus  pyogenes.  Othei-s 
who  iuTftitigated  this  subject  coutd  not  <list)iiguish  them  with 
certainty,  either  by  their  morphological  or  cultural  character  or 
effects  on  inocuhition.  Fasset  found  that  iu(x;ulution  (if  Strepto- 
coccuH  pyogenes  induced  a  condition  very  similar  to  that  produced  by 
ioocuIatioD  <^  Streptococcus  erysipelatis.  HofFa  and  Hajek  desciibed 
minute  differences,  but  Biondi  and  Eiselsberg  failed  to  ciJiiJirm  these. 
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l^iimgai'ten  failed  to  prove  any  rasential  difference.  Mitchell 
Pruddon  found  tliat  Streptococcus  pyogenes  injected  into  the  sub- 
cutaneous tissu<^  of  the  ears  of  rabbits,  produced  in  one  no  effect ; 
in  four,  sli^lit  tnmsient  redness ;  in  five,  local  rednens  followed  by 
abscress;  in  twelve,  well-marked  erysi[)elatous  reilness,  followed  by 
(•omplete  r(»solution  in  seven,  al>sceps  in  thret»,  and  death  in  two. 
Passet,  Biondi,  £isels1>er^,  Baumpul^n,  an<l  Mitchell  Prudden 
(concluded  tliat,  in  their  morphological,  biological,  and  pathogenic 
chanictei*s,  so  far  as  animals  are  conn^rned,  the  two  organisms  are 
j)racticjilly  identical. 

The  author  investigated  the  morphology  and  cultui<al  characters 
of  the  8trept4K*occus  erysi|K>}atis,  which  he  had  isolated  from  a 
typical  ctise.  This  result  cleai*ed  up  the  conflicting  statementR 
whi<»h  had  Ihhmi  made  by  difTen»nt  olwervers.  By  carrying  oat 
al)solut'ely  parallel  exi>erimenb<,  the  Sti*eptococcus  pyogenes  and 
Strei>t'Ococcus  erysi]>elatis  were  umpiestLonably  distinguishable,  as 
Feh]eiM>n  and  Ilosenbach  had  assertinl.  In  Ixith  cases,  however, 
inoculation  of  a  tnici^  of  a  cultui*e  from  a  solid  medium  prodooed 
only  transient  re<hu^ss.  Injection  hyiMNlermically  of  a  broth-'cidture 
pnMluced  in  }K)th  cas<«s  a  spivading  ervsi]>elatous  redness,  fcdlowed 
by  suppunition.  It  was  found  that  primary  cultui*eK  of  the  two 
micro-organisms,  cultivatinl  uud(T  prtH^isely  the  same  conditions, 
diffenHl  in  the  si/.e  and  duiracter  of  their  chains,  in  the  size  of  the 
individual  element**,  in  the  givater  opacity  of  the  c^olonies  of  Strepto- 
c<K!CUs  ervsijH'ljitis,  in  a  givat4»r  ten<l("ncv  to  confluence,  and  in 
a  mon*  rapitl  gn)wth.  The  author  found  thnt  the  diffeivnce  was 
most  marke;!  in  broth -cult  un»s.  Abundant  ll<KTuli  were  formed  by 
Strej)tocvK!cus  py<)gen<»s ;  a  pow<lery  dejM)sit  with  sjK»cial  tendency  to 
form  a  granular  adliesive  film  at  the  lM)ttom  of  the  cultuii*  flask, 
in  the  cast?  of  the  streptoc(K*cus  of  ervsi|M»las.  Lastly,  they  differed 
in  their  jK)wer  of  n^isting  germiei<l(*s. 

F(»hh»isen  in(H'ulat4Ml  patieut.s  in  hospital  suffering  with  malignant 
growths,  and  pnxluced  a  typical  erysijM'las  witli  sub-culturt»8  after 
an  incubation  of  from  sixt«»en  to  twenty  houi*s.  The  disease  was 
marke<l  by  rigors,  fever,  and  general  disturliance.  Patients  who  had 
i*ecently  suffered  from  erysij)elas  had  an  imnuuiity. 

Emmerich  succee<U»d  in  proving  the  pr«»^*ence  of  streptococci  in 
the  air  of  a  hospital  wliere  erysi|H.»las  had  bn)ken  out.  These  cocci 
in  their  form,  tlieir  charactei*s  on  cultivation,  and  their  inoculation 
I'esults,  wt»i*e  identifitMl  with  the  Strej)toc(M*cus  t»rysipelatLs.  It  is  not 
therefore  exclusively  parasitic. 

Streptococci  identical  or  agitH*ing  \'erv  closi'ly  in  their  descnption 
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witli  Streptoi'owiis  p\-i^niw,  bnvr  been  found  in  intlle  plague,  foot 
MDil  uinitb  disL'tise,  hti'un)^Ie:>,  contiigioiis  uiiLiiimitin  in  vuws,  niid 
tirogr*ssivf  ti^ite  necrosis  in  mici\  mid  tliev  will  in-  rt-fei-rcul  tc  fully 
ill  8HbHe<]iietit  chn{>te|-s. 

EXAMINATIOS   4ND  f."trI,TlVATKiK   Of  STKEPTIKfKll, 

LVnur-glfiM  jn-(-]jnnil.ioiis  I'nii  !«•  stiiineii  witlitbe  wat*i-y  solutions 
ii!  th^  iiuitiiit-  lives.  In  some  cases  \-ei-y  Itoniitifid  pi-epHnitions  can 
U-   olituiiind   by   itsitif:  Nt^lMen's    snlnti(i;i,   niid   i-eiiiuvin^'   fsi'etts   <if 
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btaiii  by  riiisiiig  in  iiWhul.  To  t'stiinine  pus,  milk,  or  liroth,  take 
an  ordiuary  platinum  nemUe  bent  nt  the  extremity  int*)  a  booklet. 
Dip  it  uito  the  liquid  to  be  esamined,  and  sprwid  it  on  a  cover- 
f^nsB-  iuU>  as  thiii  ii  film  us  possible;  tbe  pi'epiiiMttini  is  treated 
in  the  ordinary  wny.  tUut  is  to  my,  the  filui  is  ullowed  tn  dry. 
and  the  cover  is  ttikeii  up  with  forreps,  and  pa&seil  three  times 
throngh  the  flnuie  with  itp  prepmwi  side  nppermiint. 

(tram's  Method  wth  Soain.  -In  tlm  way  the  etreptoccioci  are 
xtaiiifMl  blue,  nni]  stnnd  out  in  murked  contract  to  the  rest  of  the 
prPiMimtiou.    Use  freshly  pi-epiired  solution.     Float  the  mver-glnMes  ■ 
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oil  the  Holiition  for  ten  uiiimWa  to  half  an  hour,  then  trat  slei-  them 
to  iodine- potassic- iodide  solution,  until  they  ussume  the  ctiloiii-  of  a 
teti  Iwtf ;  tlieu  immerse  them  in  ulcoliol  nntU  they  avv.  ileonloriseil ; 
dip  tbem  in  au  alcoholic  solution  of  eosin  foi-  n  few  moments,  and 
then  triinsfer  them  to  clove  oil  t«  elnrify  the  film  ;  to  remove  the 
clove  oil  gently  |)i-ess  the  cover  between  two  ]«yei-B  of  clean  filter 
pai>ei-,  then  mount  in  xylol  lialsam. 

A  good  method  for  cnitivating  atreptococt-i  is  to  emjiioy  a  steiil- 
ised  liKH>ed  pktinuin  wire,  and  to  Bprend  n  droplet,  for  exiunple,  of 
inisor  l>lo.).l,  over  the  .surface  of  nutrient  npir-N«,ir  >iilidifieil  ..l>li<inely. 


Fig.  110— STKerrooocPia  Ptome^hcti  Bovib.    Fiue-cultora  on  nutrient 

gelsrim;. 
■I,  Sub-cultiirv  fniin  »gnr. 
c,  Sab-ciiltnre  (ram  aiilk. 

The  lubes  are  tiien  pliii-ed  in  the  inciibtitor  at  37°  C. ;  the  strepto- 
cocci will  appear  in  the  coui'se  of  two  or  three  days  in  thi?  form 
of  minute  dotted  colouicH.  If  pi-esent  alone,  and  in  considei'able 
quantities,  the  inocidated  surface  will  exhibit  a  jtui'e  cultivation 
coHMsting  of  a  number  of  Huch  colonies,  wfailst  a  flocctilent  mnv!  in 
ob»er\-ed  in  the  liquid  which  colleetB  at  the  birttom  of  agiir-agai' 
tubes ;  this  flo^culent  mass  will  be  found  to  be  com|xiBed  of  chains. 
From  such  n  tube  inoculate  a  number  of  the  small  Aaskn  employed 
in  Pasteur's  laboi-atory  fur  cultivations  in  liquiils.  In  this  way 
A  number  of  pui-e- cultivations  in  milk  and  biuth  ai'e  established, 
which  nin  be  reidily  examined  from  time  to  tim*^.     Fmm  a  pui-e- 
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cultivation  in  broth  or  agar-agar  tul^s  of  nutrient  gelatine  can 
be  inoculated.  Ck>ver-glass- preparations  from  the  growths  on  solid 
media  can  be  made  in  the  usual  way,  and  stained  with  either  a 
watery  solution  of  fuchsine  or  gentian  violet :  but  to  stain  prepa- 
i^ations  made  from  milk  or  broth,  or  from  the  liquid  in  agar-agar 
tube8,  use  the  method  of  Gram  ;  the  stain  will  then  l)e  removed, 
except  from  the  streptococci,  and  very  beautiful  j^reparations 
result. 

GONORRnCEA. 

Gonorrhoea  is  the  result  of  a  catarrhal  inflammation  of  the 
mucous  membrane  of  the  urethra,  vagina,  or  conjunctiva  caused  by 
a  characteristic  pyc^enic  organism  discovered  by  Neisser  in  1879. 

QonococcUB  of  Neisser. — Cocci,  usually  in  paii*s  1*6  /a  in 
length,  '8  fi  in  width,  and  tetrads,  with  those  surfaces  of  the  com- 
ponent elements  which  are  in  contact,  flattened.  The  elements 
are  more  or  less  kidney -shaped,  and  are  separated  by  a  clear 
unstained  interval.  They  are  found  free  in  the  pius  and  also  in 
the  interior  of  the  pus  cells.  They  stain  with  the  aniline  dyes, 
but  are  decolorised  by  Grams  solution.  They  xlo  not  grow  on 
the  ordinary'  media,  such  as  gelatine,  agar,  and  ][X)tato,  in*  marked 
contrast  to  the  common  pyogenic  cocci ;  but  Bumm  succeeded  in 
obtaining  a  cultivation  by  using  human  blo(Kl  serum,  which  was 
procured  for  the  piu*pose  from  the  placenta.  They  give  rise  to 
a  very  delicate  gi'owth  in  the  form  of  an  almost  invisible  film, 
with  a  moLst  api^earance,  which  attains  it^  full  d(»velopment  in 
a  few  days.  Steinschneider  used  human  blood  serum  and  agar 
incubated  at  35°  C. 

Krall  recommended  either  agar  with  gi'ape-sugar  and  bUxxl  serum, 
or  the  same  mixture  with  the  addition  of  5  per  cent,  glycerine. 
Others  have  employed  nutrient  agar  with  the  surface  moistened  with 
sterilised  human  blood.  More  recently  Keifer  has  l>een  successful 
with  a  medium  which  is  prepared  in  the  following  way :  ascitic 
fluid  is  filtered  and  sterilised  by  TyndalFs  procass,  to  this  is  added 
an  equal  quantity  of  the  following  mixture,  agar  3*5,  i)eptono  5, 
glycerine  2,  salt  '5  (|>er  cent.).  The  juscitic  agar  is  solidified  in  a 
Petri's  dish,  and  the"  culture  incubated  at  36°  C. 

They  have  also  been  cultivated  in  albumin  from  plovei*s'  eggs, 
and  in  the  fluid  obtained  from  a  case  of  synovitis  of  the  knee  joint. 

Inoculation  of  rabbits,  dogs,  horses,  and  monkeys,  has  been 
invariably  unsuccessful,  but  sub-cultures  produce  the  disease  in 
the  hciilthy  ui-ethra. 
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Tho  cocci  aic  toiUHl  iu  \nw  from  the  urethra  and  other  iinicouH 
meuibranoK  afT('ct(»<l  by  the  disease.  They  liave  also  })een  found  iu 
urethral  and  iu<(uiual  aljscessiw  iu  aKsociatiou  with  Staphyloc<xyus 
pyogeneK  aureus. 

Method  of  Staining. 

( -over-jLjlasK  pL*e|uiratiouH  are  ui.'ide  in  the  usual  way,  and 
double  stiiiutnl  with  Loffler's  methylene  blue,  and  eusin. 

Schiitz  recommends  floating  the  cover-glasses  for  live  or  ten 
minutes  in  a  saturate<l  soluti<m  of  methylene  blue  in  5  |>er  cent, 
solution  of  carbolic  acid.  They  an»  washed  in  water,  rinsed  in  very 
weak  acetic  acid,  and  again  washed  in  water.  Safranin  may  be 
us(kI  as  a  contrast  stain. 
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Fig.  91.— Gonococcvs  x  8(K)  (Bumm). 
ff,  frcHf  ctx^'i ;  6,  (nkmu  in  })Uh  c<>I1h  ;  c,  cpitlielial  ce.Il  (KmtAining  cucci. 

Egyptian  Ophthalmia. 

There  are  two  forms  of  ophthalmia  in  Egypt,  one  aHsociate«1 
with  (ionoc<K*cus  and  tlie  other  with  a  bacillus  clowely  resembling 
tlu»  bacillus  of  mouse; -septiciemia,  but  there  are  minutt'  differences; 

Bacillus  of  Ophthalinia  (Koch  and  Kartulis).  Minute  hnIs 
which  do  not  grow  on  gelatines  luit  readily  on  blixxl  sc*rum  and 
nutrient  agar,  forming  a  plainly  visible,  whitish-grey  shining  growth. 
Animals  are  insusceptible,  but  cultures  jucxluced  the  tlisease  \\\  the 
human  conjunctiva  in  two  out  of  six  cases. 


CHAPTER   XIV. 

ANTHRAX. 

Anthrax  is  a  very  fatal  malady,  and  most  irret;:ular  in  its  be- 
haviour. At  one  time  it  attacks  only  one  or  two  animals,  and 
at  another  time  it  will  destroy  nearly  all  the  stock  on  a  farm. 
Farmers  formerly  regarded  the  disease  as  non-oommunicable,  and 
possibly  the  result  of  excessive  or  improper  feeding,  or  faulty  sani- 
tation, or  of  climatic  conditioiLs  over  which  no  control  could  be 
exercised.  It  is  obvious  that  so  long  as  the  disease  was  regarded  as 
the  result  of  unknown  conditions,  no  explanation  could  be  given  of 
its  recuri-ence  from  time  to  time,  or  of  certain  animals  contracting 
the  disease  and  others  not,  and  no  measures  of  any  use  could  be 
suggested  to  cope  with  an  outbreak. 

Anthrax  has  always  been  more  prevalent  on  the  Continent  than 
in  England,  and  this  to  some  extent  accounts  for  the  fact  that  it  has 
received  greater  attention  abroad.  In  France,  Germany,  Hungary, 
Russia,  and  in  India  and  Persia,  antlirax  at  times  produces  wide- 
spread losses.  In  Siberia  it  is  still  known  on  this  accrount  as  the 
Siberian  Plague. 

On  the  Continent  there  are  certain  localities  known  as  anthrax 
districts  on  account  of  their  reputation  for  anthrax — for  example,  in 
the  Upper  Bavarian  Alps  in  Germany  and  in  Auvergne  in  France. 

In  1849,  Pollender  happened  to  examine  the  bl(X)d  of  a  cow 
after  death  from  anthrax,  and  disco  vei*ed  peculiar  rod -like  bodies 
among  the  blood  cells.  The  same  observation  was  made  indefjend- 
ently  by  Brauell  and  Davahie  about  the  same  time,  but  the  gi^eatest 
importance  must  be  attached  to  the  publication  of  Davaine's  further 
reeearches  in  1863.  Many  ridiculed  the  discovery  of  bacilli,  and 
stoutly  maintained  that  they  were  oidy  blood  crystals  or  accidentiil 
structures  of  no  importance. 

For  many  years  very  little  progress  was  made,  and  the  statements 

of  other  observers  who  were  able  to  verify  and  add  to  Pollender's 

and  Davaine*s  discoveries,  were  still  received  with  scepticism. 
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INFKCnVK   TiiaEASKS. 


Witliiii  tlic  iHSt  U-K  yew 
|i1hc«.     ItiiuteriuliigiNtel  hiivc 


It  greiit  chniige  of  opinion  liiw  titken 
ivfsligittnl  the  whole  Hubject,  mo  tliat 
lit  till'  {iii-M-tit  liny  wo  kiKiw  t!Xiu'tly  the  ciiiiHe  of  atithnix. 

BacllllU  anthraciB  (liacUi-idie  du.  c/un-fxm,  Hadtlua  of  g/Aenie 
fever,  fl'ool-aorUrg  digense,  or  mnligitant  pustiiie).  — Roilit  5  to  20  fi 
long  mill  1  to  r2i>;i  linuiil,  hihI  thrciuls;  x|NirP-f(irnutti<iit  pretient. 
As  11  tliiiiixigli  kiKiwleilKt;  of  tht-  lif<^- history  of  thii*  bacilliiii  is  of  the 
gi'uut4-st  im[*oi'tiiii<ie,  the  viiriinix  Kt«{iH  to  be  foUuweil  iu  n  practical 
stiiily  of  it  will  lie  HiicreH^ively  trt-iiteit  in  <1i-tai1.     Its  moriihotogical 


iiikI  l)iolii;.'ic]il  rliiinictci-Lslii's  hiivi-  Ufii  \un-  ciimii)ut«ly  wiirkwl  out, 
mill  il  M'rvi>>  Jis  nil  cxrt'lli'iit  suhji'it  for  f-iiiiiiiif;  mi  luiniHintauce 
with  most  of  thi'  iiii'thinis  eiiiphiyi'tl  in  iriulyiiiK  iiiicro-orKiiiiisiiw. 

A  iLioiiM-  iiKH'iiliitiil  with  till'  blK■i]lu^  or  iti>  siHin-s  will  die  in 
from  twfii(y-fonr  to  forty-i-ifrlil  lioiir^.  or  iiioiv  rmvly  in  from 
fiK-ty-iifiht  to  iiIm.111   MXty  liom-«. 

Kj-aiiiiii-iliMi  iift'-r  linifli.  — Tlif  spli-i-n  i.s  found  to  \>v-  «)ii»iilt'nil»Iy 
t'iiliii-"t'il,  mill  niiiv  In-  iviiiiiviil,  :iiiil  cMuniiitil  I>y  milking  mver-gluns 
l>ii>|i:iT'!itioiis.    itiiM-iiliitinnK    ill    iJiitrii-nt    niciliit,   iiml    KiilMtngnently 


I 'iirer-i/lniii  J't-e/ifiriilii'iin.  In  piivi-r-gliisa  pi-i-piinitions  of  tliP 
I.IikkI  of  till-  .■.plii-11  III.'  Imdili  JUT  fimn.riii  .-iioi-monH  nnmUTs. 
Pn-1  Willi i..ns  ^houlil  jii-u  In-  iimili-  witli  l.l««-l  fn.m  tlw  hii.H  uni! 
with  Ihf  i-xiiilali..ii  fn-in  tlii-  lunjrs  iiml  olhfr  oipin«  ;  it   will  In- 


DESCRIPTION  OF  PLATE  V. 
BftcilloB  Anthracis. 

Fig.  1. — From  a  cover-glass  preparation  of  blood  from  the  spleen  of  a  guinea- 
pig  inoculated  with  blood  from  a  sow.  x  1200.  ]*owell  and  Jjealand's 
apochromatic  ^  Horn.  inim.     E.  P.  10. 

Fig.  2. — From  a  section  of  a  kidney  of  a  mouse.  Under  a  low  power  the 
prcpiiration  has  exactly  the  appearance  of  an  injected  specimen.  Under 
higher  amplification  the  bacilli  are  seen  to  have  threaded  their  way  along 
the  capillaries  between  the  tubules,  and  to  have  collected  in  masses  in 
the  glomeruli.  Htained  with  (tram's  method  (gentian-violet),  and  eosin. 
X  500. 

Fig.  H. — Bacillus  anihracU  and  Micrococcus  tetraffcnus.  From  a  section  from 
the  lungs  of  a  mouse  which  had  been  inoculated  with  anthrax  three  days 
after  inoculation  with  Micrococcus  tetragenus,  A  double  or  mixed  infection 
resulted.  Anthrax-bacilli  occurred  in  vast  nuinbern,  completely  filling  the 
small  vessels  and  capillaries,  and  in  addition  there  were  great  numbers 
of  tetrads.  Stained  by  Gram's  method  (gentian-violet),  and  with  eosin. 
X  r>(K). 
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noted  that  in  these  the  bacilli  are  present  in  very  small  niimbet^,  or 
altogether  abaent.  The  bacilli  should  be  examined  botli  unstained 
and  stained.  The  rods  are  straight  or  sometimes  curved  ;  rigid  and 
motionleea.  They  can  be  stained  with  a  watery  solution  of  any  of 
the  aniline  dyee,  and  are  then  seen  to  be  composed  of  segments  with 
their  extremitieB  truncated  at  right  angles ;  between  the  segments 
a  clear  linear  space  exists,  which  givefl  them  a  characteristic  appear- 
ance (Plate  v.,  Fig.  1).  By  double  staining,  with  Gram's  method  and 
eoein,  the  rods  are  seen  to  consist  of  a  membrane  or  hyaline  sheath 
with  protoplasmic  contents. 

Drop-eidlurea. — A  little  of  the  blood  from  the  spleen  or  heart 
may  be  employed  to  inoculate  steriUsed  broth  or  blood  serum. 
Several  of  these  cultures  should  be  prepared,  and  some  of  them 
placed  in  the  incubator,  and  examined  at  intervals  of  a  few  hours. 
It  will  be  observed  that  the  rods  grow  into  long  homogeneous  fila- 
ments, which  are  twisted  up  in  strands,  and  partly  untwisted  in  long 
and  graceful  curves.  The  filamentR  begin  to  swell, 
become  faintly  granular,  and  bright,  oval  spores 
develop  (Plate  1).     The  cultures  in  the  incubator  |iiCj« 

develop  rapidly,     A  temperature  of  30°  to  37°  C.  t ■( 

is  the  meet  favourable  for  spoi-e-formation.     The  tK*  ' 

spores    are    eventually    set    fi-ee,    and    by   making  ^f 

a  fresh    cultivation,  or  by  injecting   them  into  a  I'  '    ' ' 

mouse  or  guinea-pig,  they  germinate  again  into 
the  cluiract«ri8tic  bacilli,  which  in  their  turn 
grow  into  filaments  and  spores.  When  the  spore 
germinates  it  swells,  the  envelope  becomes  jelly- 
like, and  gives  way  at  one  or  other  pole,  and  the 
contents  escape  and  grow  into  a  rod. 

Tut-ttihe  Cvltivations  in  Nvtr'ient  Gelatine. — 
Typically  characteristic  appearances  are  obtained 
by  inoculating  a  5  to  8  per  cent,  nutrient  gelatine. 
A  whitish  line  develops  in  the  track  of  the  inocu- 
lating needle,  and  from  it  fine  filaments  spread  out 
in  the  surrounding  medium  (Fig.  93).  The  fila-  Fiu.  93.— PtSKCuL- 
ments  are  more  easily  observed  with  a  magnifying  tivation  ok  Ba- 
glass.  In  a  more  solid  nutrient  gelatine  the  growth  "'■'^^  AV,jHV.M-i» 
appears  only  as  a  thick  white  thread.  As  lique-  l.it^nk. 
faction  of  the  gelatine  progresses,  these  appearances 
gradually  alter,  and  the  growtli  .subsides  to  tbe  bottom  of  the 
tnbe  as  a  white  flocculent  mass.  In  exliauste<l  cultu  if- media,  and 
D  the  blood,  filaments  are  seen  in  a  state  of  degeneration. 
13 
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Tliis  has  uUu  lieeii  observed  in  sections  of  the  internal  organs  of  a 
rabbit  whicli  had  been  inoculated  with  the  antbmx  bacilhis  and  had- 
ilied  of  Keptiwemia  tlio  following  rooming. 

Test-Ciihe  ('ulliiiUioiia  in  XiitrierU  Affiir-i-i/ar. — C'ultidited  upon  a 


FlC.  M.— CotOHIEH  or  BACULLLB  A*THtt4Cl«,  >-  ho(KlIjoub), 
<t,  ftFter  34  houra;  b,  after  48  hours. 

sloping  surface  of  nutrient  agar'Agar  a  vircous  snow-wliite  layer  ia 
developed,  but  without  access  of  air  no  cultivation  can  be  obtained, 
the  bacilli  being  aerobic.  This  can  be  demonstrated  by  eoinpletely 
embedding  a  piece  of  lung  or  spleen 
pulp  containing  bacilli,  in  nutrient 
agar-agar  (p.   22). 

Potato  -  euUivations.  —  In  about 
thirty-fiix  to  forty-eight  lioiirs  a  creamy- 
white  or  very  faintly  yellowish  layer 
forms  over  the  iutH-ulated  surface, 
usually  with  a  translucent  edge,  and 
BometinieA  a  strong,  penetrating  odour 
of  sour  milk. 

PlnU-cuUivation«. — From  the  spleen 
or  blood  of  the  betirt  cultivations  nwy 
be  mikde  in  nutrient  gelatine  on  p1ate<4. 
The  colonies  develop  in  about  two  days,  according  hi  tfae  temperature 
of   the  room.     They  appear  to  the  naked  eye  as  little  white  spots 


or  speckt;,  n-hicli,  on  exiLmiiiation  with  it  low  power  of  the  niieroHCope 
tind  Rmall  diaphragm,  exhibit  twn  ilifitinct  fordiK.  One  form,  on 
wirefiil   foniissing,   has    (he   ;ip])eiininee   iif    ;i    little  eompHct   hull  of 


twisted  threada;  in  the  other,  liquefaction  of  the  gelatine  has 
cumnieuced,  and  the  threads  spread  out  like  lockx  or  [dait^  of 
liair  in  the  neighbouring  gelatine.  These  appearanieR  are  jierfectly 
characteristic  (FigB.  84,  96). 

Coeer-glaaa  Impregsions. — The  plate- c«  Hi vntions  should  he  also 
examined  &s  soon  us  tlie  colonies 
appear,  by  makijig  cover-glase  im- 
pressiouH  (Fig.  96),  The  filaments, 
examineil  with  a  high  power,  wUl  be 
Keen  to  t'onoat  of  a  number  of  rod.s 
or  segmeiitK  which  ai-e  perfectly 
regular  in  form.  Uu  tlte  other 
hand, filaments  from  a  tube-cultiva- 
tion in  a  8ohd  medium  will  often  be 
found  to  \ie  composed,  not  only  lA 
nxis,  but  here  and  there  of  the  mi 
called  involution- forms  (Fii;.  ;i7). 
From    cnlturw     in    gelal.h.e     un.l  i.'"»..l.ai.  klk«kni^    .   800. 

glycerine  agar,  very  striking  preparationa  are  aometinies  obtained, 
with  numeroUH  large  spherical   and  lemon-shaped  elements.     In   a 
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cover-glass  preparation  from  a  potato-culture  the  individual  segment* 
will  be  found  to  have  a  great  tendency  to  be  isolated  one  from  the 
other,  and  there  is  copious  spore-formation. 

Preservation  of  Spores. — Spores  may  be  preserved  simply  by  allow- 
ing anthrax  blood  to  dry  and  then  sealing  it  in  a  tube.  The  spores 
from  a  potato-cultivation  are  treated  as  follows : — ^The  inoculated 
surface  bearing  the  creamy  cultivation  is  sliced  off  in  a  thin 
layer,  and  is  mashed  up  with  distilled  water  in  a  glass  capsule. 
Sterilised  silk-thread  is  cut  up  into  lengths  of  about  a  quarter  of 
an  inch,  and  allowed  to  soak  in  the  paste  for  some  hours,  under  a 
bell-glass.  The  threads  are  then  picked  out  with  a  pair  of  forceps, 
and  laid  upon  a  sterilised  glass  plate,  covered  with  a  bell-glass, 
and  allowed  to  dry.  From  the  plate,  when  perfectly  dry,  they 
are  transferred  to  a  small  test-tube,  which  can  be  plugged  with 
cotton-wool,  or  sealed  in  the  Bunsen  burner. 

Examinatioji  of  the  Tissues. — The  organs  should  be  hardened 
in  absolute  alcohol,  and  sections  prepared  and  stained  by  the 
ordinary  methods.  The  method  of  Gram  is  the  most  instructive, 
and  eosin  a  very  satisfactory  contrast  stain.  The  capillaries  in 
the  lungs,  liver,  kidney,  spleen,  skin,  mucous  membrane,  etc.,  will 
be  found  to  contain  bacilli.  In  some  cases  the  bacilli  are  so 
numerous  that  a  section  under  a  low  power  has  the  appearance 
of  an  injected  specimen. 

Inoculation  of  Anivials. — A  thread  containing  spores,  a  drop  of 
blood  from  an  infected  animal,  or  a  minute  |K)rtion  of  a  cultivation, 
introduced  under  the  skin  of  a  mouse  or  guinea-pig,  causes  a  fatal 
result,  as  a  rule,  in  from  twenty-four  to  forty-eight  houi-s.  Sheep 
fed  upon  potatoes  which  have  been  the  medium  for  cultivating  the 
bacillus,  die  in  a  few  days.  Goats,  hedgehogs,  sparrows,  cows,  horses, 
swine,  and  dogs  are  all  susceptible.  Rats  are  infected  with  diffi- 
culty. Fix)gs  and  fish  have  been  rendered  susceptible  by  raising  the 
temperature  of  the  water  in  which  they  lived.  Cats,  white  rats. 
and  Algerian  sheep  have  an  immunity  fi"om  the  disease. 

Attenuation  of  the  Virus,  —  Toussaint  attenuated  cultures  bv 
ex|X)sing  them  for  ten  minutes  to  55°  C.  Pasteur  (^)btained  a  similar 
result  by  resorting  to  lower  degrees  of  temperature ;  and  Koch, 
Gaffky,  and  Loffler  concluded  from  their  experiments,  that  from 
42°  to  43°  C.  the  bacillus  was  most  ea^sily  deprived  of  its  jK)is()nous 
properties.  By  cultivating  the  bacilhis  in  neutralised  broth  at 
42°  to  43°  0.  for  about  twenty  days,  the  infecting  power  is  weakened, 
and  animals  inoculatc^d  witli  it  {^yrevtier  vaccin)  are  protected  against 
the  disease.     To   obtain    a    still    more  perfect  immunity,   tlic^y  are 
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inoculated  a  second  time  with  material  {deuxihne  vaccin)  which  has 
been  less  weakened.  The  animals  are  then  protectecl  against  the 
most  virulent  anthrax,  but  only  for  a  time.  From  a  weakeneil 
culture,  according  to  Klein,  new  cultures  of  virulent  bacilli  can  be 
started,  and  a  culture  that  can  be  used  as  a  vaccine  for  sheep  kills  a 
guinea-pig,  and  then  yields  bacilli  that  are  fatal  to  sheep. 

The  virulence  of  the  bacillus  is  also  altered  by  passing  the 
baciUus  through  different  species  of  animals.  The  bacillus  of  sheep 
or  cattle  is  fatal  when  rei-inoculated  into  sheep  or  cattle;  but  if 
inoculated  in  mice,  the  bacilli  then  obtained  lose  their  vii*ulence 
for  sheep  or  cattle,  only  a  transitory  illness  results,  and  the  animals 
are  protected  for  a  time  against  virulent  anthrax. 

Exposure  to  a  temperature  of  55°  C,  or  treatment  with  '5  to 
1  per  cent,  carbolic  acid,  deprives  the  bacilli  of  their  virulence. 

Chauveau  obtained  a  similar  I'esult  by  cultivating  the  bacillus  at 
38°  or  39°  C.  under  a  pressure  of  eight  atmospheres.  The  possibility 
of  mitigating  the  virus  depends  upon  the  species  of  animal ;  rodents 
cannot  be  rendered  immune  by  any  known  anthrax  vaccine.  The 
nature  of  the  toxic  products  has  been  described  in  a  previous  chapter 
(p.  42). 

Methods  of  Staining  the  Bacillus  Anthilvcis. 

Cover-glass  preparations  of  blood,  etc.,  can  be  stained  with  a 
watery  solution  of  any  of  the  aniline  dyes,  or  with  Neelsen's  solution 
and  subsequent  treatment  with  alcohol  (p.  87).  The  preparations 
may  be  dried  and  mounted  permanently  in  Canada  balsam,  but  the 
typical  appearances  are  best  observed  in  freshly  stained  specimens 
examined  in  water. 

The  sheath  and  protophismic  contents  can  be  demonstrated  in 
cover-glass  preparations    from   the  #   m 

blood  or  spleen  which  hiive  been 
stained  with  eosin  after  the  method 
of  Gram. 

Spores  must  be  stained  by  the 
special  methods   already  described. 
The  most  satisfaetory  preparations 
are  obtained  by  double-staining  with         Fig.  ys.- Spores  of  Bacillus 
Ziehl-Neelsen  solution  and  methy-  anthracis     stained     with 

lene  blue  (Fig.  7).  ^^^'^^'^^  ^'^^^'  ^  ^•^- 

Ussue  sections  are  best  stained  by  the  method  of  Gram,  and 
qfter-stained  with  eosin,  picrocarniinate  of  ammonia,  or  picro-lithium- 
carmine. 


j<^^ 
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Origin  and  Mode  of  Spread. 

As  every  outbreak  of  anthrax  is  the  result  of  the  introduction 
into  the  system  of  the  bacilli,  the  question  naturally  arises,  how 
ai*e  they  intro<luce(l  on  the  faim  ?  Where  do  they  oome  from  ?  and 
what  are  the  channels  of  infection  ? 

The  s|)ores  of  the  bacilli  may  get  into  the  soil,  and  may  remain 
there  in  a  dormant  state  for  many  years.  The  spores  were  believed 
by  Pasteur  to  Ije  taken  up  by  earth-worms,  carried  to  the  surface 
and  de})o^ited  in  their  castings.  Animals  grazing  are  thus  liable 
to  be  infected;  but  Koch's  experiments  tended  to  disprove  this 
theory.  Anthrax  has  l)een  known  to  break  out  among  cattle 
grazing  on  a  field  where  several  years  previously  some  Russian 
hides  from  infected  animals  had  been  buiied.  By  some  means  or 
other  the  spores  may  contaminate  the  grass,  and  hay  imported 
from  an  anthrax  district  may  start  the  disease  on  a  farm  on  which 
it  had  never  been  known  to  occur.  Tlie  spores  may  in  a  similar 
way  be  introduced  with  blooil  manure  and  bone  mannre,  and  with 
i^efuse  used  as  manure.  The  skin,  hair,  wool,  hoofs,  and  horns  of 
infected  animals,  if  soiled  with  blood,  are  contaminated  by  the 
bacillus. 

Another  way  in  which  the  disease  can  be  communicated  may 
be  illustrated  bv  the  transmission  of  the  disease  to  man.  Those 
who  handle  carcasses,  wool  or  hides  of  infected  animals  are  liable  to 
contract  the  disease.  Slight  scratches,  cuts,  bites,  and  pimples,  may 
readily  be  inoculated  with  the  bacilli  or  their  spores.  Veterinary 
Biu*geons,  butehei's,  herdsmen,  cattle  drovers — in  fact,  all  those  whose 
occupation  lea<ls  them  to  cut  oj)en  or  skin  cattle,  sheep,  or  horses,  or 
to  handle  hides  and  w(K)1 — ai*e  liable  to  fall  victims  to  this  disease. 

In  one  case  wliioh  was  brought  to  the  author's  notice,  a  veteri- 
nary surgeon  had  Ix'ou  called  to  see  a  bullock  which  had  died 
suddenly  in  a  meadow.  A  post-mortem  examination  was  made,  and 
the  veterinary  surgeon  wIjkmI  his  han(L<,  which  were  soiled  with 
blo(Hl,  on  some  rough  grass,  and  then  washe<l  them  in  a  stream. 
The  sedgy  grass  made  some  small  cuts  on  his  fingers,  and  the 
result  was  that  he  was  sinuiltancouslv  inoculated  with   the  blood 

ft' 

of  the  bullcK'k.  Local  anthrax  followed,  two  of  his  fingers  were 
amputate*!,  and  he  fortiniately  recovered.  In  another  case  a  butcher 
dresse<l  the  Ciiroass  of  a  l>east  which  had  <lied  suddenly,  and  while 
doing  so  scratched  a  pimple  on  his  neck.  An  anthrax  pustule 
develo|)ed,  and  after  a  very  serious  illness  he  also  recovered ;  but 
in  many    castas    the    attack   is  fatal.     "  Wool-sw'ters'    disease"  is 
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anthrax  of  the  lungs.  Bales  of  foreign  wool  contain  not  only  wool 
from  living  sheep,  but  wool  which  has  been  clipped  from  skins  of 
dead  sheep.  If  any  of  the  sheep  died  from  anthrax  the  wool  is 
sure  to  be  contaminated  with  blood  containing  the  bacilli,  and  then 
wool-sorters  engaged  in  picking  the  wool  readily  inoculate  them- 
selves through  a  scratch  or  pimple,  or  by  inhaling  the  spores.  In 
many  cases  Wool-sorters'  disease  is  fatal. 

A  farm  may  become  extensively  infected  by  the  limiig 'a,iiima\. 
Blood  containing  the  bacilli  may  be  discharged  from  the  mouth  and 
noBtrils,  or  be  passed  with  the  contents  of  the  intestinal  canal 
and  bladder.  The  droppings  contaminate  the  pasture  or  byre,  and 
spore  formation,  especially  in  warm  weather,  quickly  takes  place. 
From  this  cause  the  disease  may  not  only  be  conveyed  to  healthy 
cattle  grazing  with  infected  animals,  but  fresh  cases  may  occur,  year 
after  year,  on  the  same  farm,  and  if  hay  is  cut  and  sold  off  the  farm, 
other  cattle  at  a  distance  are  similarly  infected.  If  the  flooring  of 
cattle  sheds  is  once  soiled  by  infected  animals  it  is  easy  to  account 
for  those  otherwise  mysterious  outbreaks  which  occur  when  the 
cattle  are  taken  in  for  the  winter. 

Another  source  of  danger  arises  when  blood  from  a  diseased 
animal  is  washed  into  brooks  or  streams,  for  thus  the  disease  may 
be  carried  to  farms  in  which  it  was  previously  unknown. 

Preventive  Measures. 

Early  recognition  and  prompt  action  are  essential  to  prevent  the 
spread  of  any  communicable  disease. 

Unfortunately  in  the  case  of  anthrax  only  too  often  the  very 
first  indication  of  the  existence  of  the  disease  is  the  sudden  death 
in  the  pasture  or  byre  of  an  apparently  healthy  beast,  or  possibly 
of  one  or  more  sheep.  Nevertheless,  the  importance  of  being  able 
to  recognise  any  early  indications  is  very  great,  because  an  im- 
mediate and  careful  examination  should  at  once  be  made  of  the 
stock  on  the  farm,  and  suspicious  casas  isolated  from  the  rest.  The 
stock-man  may  notice  that  one  or  two  animals  tend  to  keep  away 
from  the  others.  They  look  dull  and  cease  feeding,  and  jxissibly 
shivering  may  be  observed.  In  horses  swelling  of  the  throat  may 
occur, .  and  in  some  places  there  is  discharge  of  blood  from  the 
orifices.  Death  follows  the  appearance  of  these  symptoms  in  a 
few  hours,  and  often  with  startling  suddenness.  Cattle  die  rapidly, 
but  sheep,  though  rapidly  contracting  the  disease,  do  not  as  a  rule 
die  so  suddenly. 
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The  characteristic  sign  after  death  is  enlargement  of  the  spleen 
to  three  or  four  times  its  natural  size.  It  is  not  only  enlarged, 
but  extremely  soft  and  dark  in  colour.  Blood  spots  are  visible  on 
the  internal  organs  generally,  and  the  intestine  often  contains  a 
quantity  of  blood.  The  examination  of  a  drop  of  blood  will  show 
under  the  microscope  the  characteristic  bacilli.  It  is,  however, 
quite  unnecessary  to  make  an  elaborate  post-mortem  examination 
in  order  to  satisfy  oneself  whether  the  disease  is  really  anthrax  or 
not.  If  an  animal  has  died  suddenly  and  has  created  a  suspicion 
of  anthrax,  all  that  it  is  necessary  to  do  is  to  cut  cflF  an  ear — or  a 
foot  in  the  case  of  a  sheep — and  make  a  cover-glass  preparation  at 
the  first  opportunity, 

A  farmer  with  a  case  of  anthrax  must  be  made  to  realise  the 
fact  that  an  enormous  quantity  of  poLsonous  material  has  to  be 
dealt  with.  In  fact,  an  infected  animal  is  more  dangerous  when 
dead  than  alive.  The  owner  or  person  in  charge  must  immediately 
notify  to  a  police  constable  the  existence,  or  even  a  suspicion  of 
the  existence,  of  the  disease.  Prompt  measures  must  l>e  taken 
to  destroy  the  carcass  and  all  traces  of  the  blood,  and  thus  to 
reduce  to  a  minimum  the  chance  of  the  disease  spreading  to  the 
rest  of  the  stock,  and  of  creating  fresh  outbreaks  in  the  future. 
Every  possible  precaution  must  be  taken  to  prevent  the  blood  of 
the  dead  animal  from  contaminating  the  pasture,  Viyre,  or  water 
supply.  The  rest  of  the  stock  should  be  i*emoved  from  the  pasture 
or  cowshed  where  the  disease  has  broken  out.  It  is  desirable  to 
give  a  complete  change  of  food  and  water,  and  the  wliole  of  the 
stock  should  be  exaniineil  every  day  for  a  week,  and  any  animals 
showing  a  rise  of  temperature  should  at  once  be  isolated  from  the 
rest.  Preventive  inoculation  has  been  recommended  to  protect 
the  rest  of  the  stock,  but  there  is  not  sufficient  evidence  of  the 
safety  of  the  process  to  lead  to  the  adoption  of  this  treatment. 
Animals  ready  for  the  butcher  may  be  removed  fi*om  the  risk  of 
infection  by  immechate  slaughter.  To  disinfect  the  pasture  the 
best  plan  is  a  heavy  top-dressing  of  lime,  and  after  six  weeks 
stock  may  be  readmitted,  though  not  without  some  risk.  If 
year  after  year  casas  of  anthrax  occur  on  a  particular  pasture, 
the  most  obvious  precaution  is  to  keep  st<jck  from  it  altogether 
and  convert  it  into  arable  land.  As  roots  grown  on  anthrax- 
infected  soil  have  been  known  to  convev  the  disease,  the  wisest 
course  if  we  have  to  deal  with  a  small  field  or  comparatively 
small  tract  of  land  is  to  throw  it  out  of  cultivation  or  to  plant 
it  with  trees. 
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Disposal  op  the  Carcass. 

The  surest  method  to  render  harmless  all  the  bacilli  which 
exist  in  the  carcass  is  burning,  but  cremation  offers  practical 
difficulties,  especially  if  several  carcasses  have  to  be  destroyed.  In 
the  case  of  an  animal  dying  in  a  town,  the  local  conditions  may 
render  it  best  to  adopt  destruction  by  burning  or  by  means 
of  chemicals.  In  such  a  case  the  carcass  should  be  covered 
with  quicklime,  and  then  taken,  in  charge  of  an  officer  of  the 
Local  Authority,  to  a  horse-slaughterer's  or  knacker's-yard,  and 
destroyed  by  exposure  to  a  high  temperature,  or  by  chemical  agents 
especially  in  the  vicinity  of  chemical  works.  Under  the  usual 
circumstances  of  death  occiuring  on  a  farm,  fortunately  the  simple 
plan  of  burial,  with  the  addition  of  lime  or  other  chemical  agents, 
is  perfectly  efficacious,  and  even  without  the  use  of  chemicals  if  the 
carcctss  has  been  left  unopened,  as  the  baciUi  die  rapidly  if  air  is 
excluded. 

Some  experiments  carried  out  by  M*Fadyean  clearly  indicate  the 
importance  of  leaving  the  carcass  unopened. 

On  July  16th  a  sheep  was  infected  with  anthrax  by  feeding  it  with  a 
virulent  culture.  Five  days  later  it  died,  and  a  microscopic  examina- 
tion of  blood  from  the  ear,  immediately  after  death,  showed  very  many 
anthrax  bacilli.  The  carcass  was  left  unskinned  and  unopened  until 
July  27tb,  when  the  various  organs  were  cut  out  of  the  chest  and 
abdomen  and  placed  in  a  tin  box.  The  box  was  then  buried  at  a  depth 
of  about  two  feet  in  garden  earth,  and  left  there  undisturbed  until 
February  15th,  when  it  was  exhumed.  The  organs  had  become  con- 
verted into  adipocere,  and  this  was  thoroughly  mixed  up  with  water  and 
administered  to  a  sheep.  The  sheep  remained  perfectly  healthy.  In 
another  experiment  a  rabbit  was  inoculated  with  anthrax  on  June  Ist. 
It  died  on  June  3rd,  and  blood  from  the  ear  contained  the  baciUi.  The 
rabbit  was  left  unopened  for  three  days,  and  then  placed  in  a  flower  pot 
and  buried  in  garden  earth  at  a  depth  of  two  feet.  It  was  exhumed  on 
February  15th.  The  tissues  were  all  destroyed  by  putrefaction,  and  the 
earth  in  contact  with  the  bones  was  administered  to  a  sheep  without 
conveying  the  disease  or  producing  any  ill  effects. 

Thus,  in  the  first  experiment,  the  lungs  and  the  intestines,  in 
which  spore  formation  was  most  likely  to  occur,  were  used  as  a 
testy  and  in  the  second  expenment  the  entire  carcass.  In  both  cases 
there  was  destruction  or  disappearance  of  the  bacilli,  and  these  tests, 
therefore,  confirm  in  a  very  marked  way  the  opinion  that  prompt 
burial  of  the  unopened  carcass  is  a  perfectly  safe  plan  to  adopt. 
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If  an  animal  ban  died  in  a  meadow,  a  pit  nix  feet  deep  Hhould 
be  dug  cloHe  to  the  carcass,  and  if  quicklime  can  be  procured  with- 
out delay  the  carcass  should  be  buried  with  a  layer  about  a  foot  in 
depth  beneath  it  and  with  about  the  same  quantity  to  cover  it,  and 
the  pit  filled  up  with  the  excavated  soil. 

If  there  are  any  traces  of  blood  where  the  animal  lay,  the 
contaminated  ground  should  be  covered  with  quicklime  or  drenched 
with  strong  carbolic  acid,  and  the  whole  of  the  site  of  burial  fenced 
off  for  six  months.  If  an  animal  dies  near  a  brook  or  stream  then 
the  cai*cas8  must  be  removed  for  burial  to  a  sufficient  distance  to 
prevent  any  reasonable  probability  of  contamination  of  the  water. 

If  death  has  occurred  in  the  byre,  the  carcass  must  be  removed 
to  the  nearest  and  most  convenient  spot  for  burial,  any  fodder  or 
litter  which  may  have  been  in  contact  with  the  deceased  animal  must 
be  destroyed,  and  tlie  shed  and  cart  and  any  utensils,  hurdlen,  etc., 
disinfected.  For  the  latter  purpose  thorough  scouring  with  water 
and  then  washing  with  limewtish  is  recommended.  The  limewash 
should  be  prepared  immediately  before  use,  and  four  ounces  of 
chloride  of  liiue,  or  half  a  pint  of  commercial  carbolic  acid,  be  added 
to  each  gallon  of  limewash. 

The  following  is  an  illustration  of  the  value  of  preventive 
measures  based  upon  a  knowledge  of  the  exact  nature  of  the  disease. 
A  farm  on  the  banks  of  the  Yeo  was  repeatedly  attacked  by 
anthrax.  One  morning  two  sheep  died,  and  other  cases  followed. 
The  farmer  learnt  that  his  predecessor  had  buried  cattle  which  had 
died  of  anthrax  on  the  very  spot  where  the  sheep  were  folded.  He 
removed  his  flock,  and  had  no  further  losses  among  the  sheep,  but 
he  continued  to  lose  cattle  grazing  in  the  pastures  by  the  river. 
These  pastures  were  occtisionally  flooded  by  the  Yeo.  Another 
farmer  in  the  same  locality  heavily  manured  a  field,  and  shortly 
afterwards  anthrax  broke  out  in  a  m(xst  deadly  form  on  his  farm. 

What  was  the  cause  of  these  mysterious  outbrejiks  ?  The 
explanation  was  forthcoming,  and  prevention  an  easy  matter.  The 
river  Yeo  i^eceiveil  the  washings  from  the  wool  factories  at  Yeovil, 
and  the  j)astures  were  contaminated  by  anthrax  spores  in  the 
<lej)osit  which  was  left  behind  when  the  flood  sul)sided.  In  the 
second  instance,  it  was  found  that  the  manure  used  for  dressing 
the  pasture  consisted  of  a  (juantity  of  refuse  fi*om  the  wool  factories. 

Infecteil  wool  from  foreign  countries  is  one  of  the  principal 
sources  of  the  diseiise  in  this  comitry,  and  the  remedy  is  to  insist 
upon  the  factories  destroying  their  refuse  instead  of  its  being 
allowed  to  contaminate  the  rivers  or  to  be  sold  as  manure. 


So  long  au  this  souive   of   the   disease   wan  unknown  aatbrnxl 
contintml  to  be  spreHil  thi-ougli  the  ngency  of  the  wool  faoturies. 

Anthriuc  spores  may  also  be  introduced  with  foreign  ootfi,  hny, 
niul  luattiire,  so  that  it  is  almoat  impossible  absolutely  to  iit«vent 
ttip  iinportfltitm  of   the  disease ;  bwt    the  dnnger  of   its  uTiUmited 
extendoD  iind  difuistrouK  lo^e.'  oau   be   mlDimiaed,  and  the  com-  J 
mnmcation  of  the  disease  to  man  iinil  Ui  swine  entirely  avoided  byT 
Nmple  jirecnutioiis. 

Anthrax  in  SniNG. 
The  occiiiTencB   of  unthrax   iii  swine  is  a  subject  npon  wbici 
B  has  long  lie)*!)  conddei'iihle  diventity  of  opinion.     Home  of  the 


.   the  diseases  of  nnimals  speak  of  outbreaks  of  i 
(  among  swine,  but  wlielher  any  or  all  of  these  outbfeuka  f 
were  examples  of  true   anthrax  baa   loug  been   n  matter  of   i 
certainty;  for  it  is  well  known   that  <liseaBea  quite  distinct    w 
included  under  the  name  tuithrar. 

MenM'hel    states    that  in   an   outbreak   in    which  twenty-foiiF  J 
I'lrrsous  were  attacked  with  malignant  pustule,  many  of  them  from  * 
ruling  tlie  flesh  of  beasts  suffering  from  anthrax,  pigs  which  were 
fflil  on  t^e  same  flesh  ulso  beriiine  affected,  and  a  woman  who  ate 
emne  of  the  diseased  purk  wiis  subsequently  ill. 

Kocbe-Lubin,  while  njiporently  acee]iting  the  occurrence  of 
untbr&x  ia  swiue,  taught  that  the  pig  resisted  mucnhition  with  thd 
.  hbod  of  a  different  species. 
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In  this  country  iiccountn  bavo  l)eeQ  published  fi'om  time  to  time 
of  a  fatal  disease  in  pigs  induced  by  eating  the  flesh  of  animals 
which  had  died  of  what  wtis  described  as  "  blood -poisoning." 

Some  very  striking  cases  occurred  in  the  practice  of  Mr.  Wilson, 
of  Berkhampstead,  and  were  i*eported  ioj  the  Veterinarian,  A 
farmer  consulted  Mr.  Wilson  respecting  an  illness  with  which  hiB 
pigs  were  affected,  stating  that  two  or  three  were  dead  and  many 
others  seriously  ill.  They  wei*e  strong  hogs,  ranging  from  six  to 
nine  months  old.  On  inquiry  it  was  ascertained  that  the  farmer 
had  lost  a  beast  suddenly  about  a  week  previously,  that  the  carcass 
had  been  (»pened  in  the  yard,  and  the  viscera  thrown  to  the  pigs. 
Mr.  Wilson  expressed  the  belief  that  the  disease  was  anthrax,  and 
stated  that  he  found  the  pigs  exhibiting  many  of  the  symptoms 
oliservable  in  cattle,  with  the  additional  one  of  enlargement  round 
the  throat  from  infiltration  of  a  yellow  fluid  causing  discoloration 
of  the  skin. 

Also,  in  the  rejioi'ts  of  the  Agricultural  Department  of  the  Privy 
Oouncil  thirteen  pigs  were  i*eported  as  suffering  from  anthrax  in 
188G,  and  one  hundred  and  fifty-nine  in  1887. 

But  the  (question  arose  whether  the  disease  in  the  pigs  was 
genuine  anthrax  or  septic  poisoning. 

Williams  says :  "  The  flesh  of  animals  which  have  died  or  have 
been  killed  whilst  suffering  from  the  disease  [anthrax]  should  not 
bo  us(hI  as  f(xjd  either  for  men,  pigs,  or  dogs,  as  it  is  apt  to  cause 
tl'jath  by  blood  poismimg " ;  and  Steel  writes  :  **  Pigs,  dogs,  and 
poultry  shoidd  not  be  allowetl  to  feed  on  blcxxi,  flesh,  and  ejecta 
of  anthrax  victims,'*  but  no  stati^nent  is  made  as  to  the  nature  of 
the  illness  productxl.  No  doubt  these  writers  have  been  greatly 
influenced  by  the  opinion  of  many  bacteriologists,  for  Toussaint 
maintained  that  pigs  could  not  Ik«  infecttnl  with  anthrax,  and  a 
similar  view  was  at  one  time  upheld  in  tliis  country  by  Klein, 
who  stated  that  pigs  were  very  insusceptible.  In  Germany  also, 
pigs  have  been  cnwlited  with  an  immunity  from  this  disease. 

In  the  face  of  these  conflicting  stat(Mnents  the  author  carried 
out  a  series  of  exiH»rinients  in  order  to  ascertain  the  nature  of  the 
ilisease  in  swine  resulting  from  tlie  ingestion  of  the  offal  of  animals 
which  had  died  of  anthrax ;  and  the  result  of  inoculation  with  blood 
of  animals  which  ha<l  died  of  anthrax,  and  with  pure  cultivations 
of  the  Bacillus  anthracis. 

As  a  n^sult  of  thesi)  experiments  genuine  anthrax  was  produced 
in  swine  (a)  by  ft^xling  them  with  anthrax  offal ;  {b)  by  injection 
ot   blood  of  a   bulhx'k   which   had  tlieil  of  anthrax  ;  (c)  by  [massing 


Intrilli  through  the  guinea-pig,  und  tninsmittiug  them  to  swine  by  J 
injection  of  blood  from  the  spleen  ;  (d)  by  injecting  h  pure  cultiva-*  J 
liuR  of  the  »uthnis  bacillus;    (a)  and  lastly,  the  anthrax  badllui 
wBM  imlateJ  from  Ewiue  Ju  which  the  diseiise  whs  awWentitlly  induce 
un  u  farm,  and  the  dis&iise  raprodiiceil  l>y  inoculation  of  giiinea-pige 
nitil  mice  with  blood  from  the  G])le«ii. 

The  Aittkor'a  ("wtciiMioii*.— Hwiue  of  all  ages  can  be  RfToct«d  with  I 
aitthrax.  If  the  diaeatse  is  iiiUiiced  by  ingcGtion  of  anthrax  offalfj 
the  toiuuLi  are  nlcernleil,  and  coiistitnte  the  point  of  access  of  thsl 
bacilli  to  the  bloiKi     In  tiueh  cdft's  tlie  clmract^ristic  symptin 


lullui'kwhii:!!  hoddiedd 
■kwl  cedenia  of  the  throat,  cLeultB,  ]Uid  eyelids  | 

enomiouit  swelling  amnnd  the  throat.  If  the  disease  is  induced  b 
hypodermic  injection,  tlte  name  (edeniataus  infiltration  of  the  tissues 
occunt  nt  the  place  8elect.e<i  for  inoculation.  Death  may  < 
in  twenty-four  hours,  or  not  until  after  five  oi-  six  daya  There  1 
is  M  rapid  rise  of  temperature,  usually  a  rash-tike  discoloratiun'l 
cf  the  nkin,  sometimes  loss  of  power  over  the  limbe,  and  general  1 
weakncns  and  disinclination  to  move;  the  animal  may  lie  helplessly  J 
on  itH  belly,  and  utter  plaintive  cries  when  dinturbed.  At  the  poet^M 
tnort«ia  the  most  churacteriatic  feature  is  the  gelatinous  c 
which,  in  the  case  of  ingestion  of  ofTal,  i:4  found  around  the  t 
Th<-Te  is  neually  cougmtiDii  of  all  the  organs  and  engorgeauent  I 
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the  heai-t  and  large  veHHeln,  fluid  ia  the  cavities  of  the  chest  and 
abdomen,  and  enlargement  and  hemorrhage  into  the  lymphatic 
glands.  Tliere  is  in  some  cases  inflammation  of  the  intestines  with 
submucous  and  subserous  hiemorrhages.  The  spleen  may  be  normal 
in  size,  pale  and  flabby,  and  the  liver  only  slightly  congested  and 
fnable;  in  other  cases  the  condition  is  characteristic,  the  spleen 
is  the  seat  of  hsemorrhage,  causing  more  or  less  local  enlargement, 
wliich  is  superficially  of  a  deep  purjile  colour ;  the  liver  may  also 
hfs  greatly  cong&sted,  very  friable,  and  marked  with  purple  patches. 
The  examination  of  the  blood  of  the  heart  and  spleen  for  anthrax 
bacilli  must  be  carried  out  with  great  perseverance  and  discrimi- 
nation, as  they  are  present  only  in  small  numbers,  and  in  some 
cases  have  given  place  entirely  to  septic  organisms.  Inoculation 
with  the  blcxxl  will  produce  either  typical  anthrax,  or  malignant 
(edema  or  some  other  form  of  septicaemia.  Possibly  in  the  cases 
arising  from  ingestion  of  offal  the  ulcerated  condition  of  the  throat 
affords  a  nidus  and  a  means  of  access  for  septic  organisms.  It 
is  also  well  known  that  blood  in  a  state  of  putrefaction  may 
contain  the  bacillus  of  malignant  oedema.  In  the  presence  of 
putrefactive  organisms  the  anthrax  bacillus  rapidly  disappears.  If, 
therefore,  inoculation  of  guinea-pigs  or  mice  is  used  as  a  test  for 
ascertaining  the  nature  of  an  outbreak  in  swine,  it  must  not  be 
concluded,  if  Pasteur's  or  some  other  form  of  septicsemia  result, 
that  the  disease  was  not  anthrax,  while,  on  the  other  hand,  the 
<liscovery  of  the  anthrax  bacillus  in  the  blood  of  the  pig,  or  the 
production  of  anthrax  in  guinea-pigs  or  mic<»,  is  {)06itive  evidence 
iis  to  the  nature  of  the  original  disease. 

Peuch,  in  France,  had  obtainwl  similar  results  by  injecting  pigs 
with  anthrax  blood  and  anthrax  cultui^es.  He  also  carried  out 
some  interesting  (experiments  l>earing  on  public  health.  The  leg  of 
a  pig  which  had  ^lied  of  anthrax  was  covered  with  pounded  sea-salt. 
Pi-eviously  to  the  curing,  a  slice  of  the  flesh  was  squeezed  in  a  meat- 
press,  and  the  liquid  thus  obtained  was  employed  for  in(K*ulation. 
The  animals  inoculated  died  of  typical  anthrax.  In  six  weeks  the 
curing  was  considered  to  be  completed,  and  a  slice  was  cut  from  the 
liani  and  soake;!  in  Altered  water.  The  juice  was  extracted  in  the 
meat-press,  and  employed  for  the  inoculation  of  four  guinea-pigs 
and  three  rabVnts.  Slight  swelling  and  a  certain  amount  of  redness 
at  the  seat  of  inoculation  were  the  only  results.  A  few  drops  of 
the  muscle- juice  were  added  to  sterilised  broth,  and  produced  a 
mixed  cultivation  of  micr(x;(Xici  and  motile  bacilli.  A  rabbit  and  two 
guinea-pigs  iiKxiulated  with  the  cultivation  remained  quite  healthy. 
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These  experiments  demonstrated  that  salting  destroys  the  viru- 
lence of  the  flesh  of  pigs  which  have  died  of  anthrax,  but  in  order 
to  obtain  this  result  the  salting  must  be  thoroughly  carried  out.  If 
the  process  be  incomplete  the  flesh  is  still  virulent.  Thus  the  leg 
of  a  pig  salted  for  only  fourteen  days  furnished  a  juice  which 
possassed  a  certain  amount  of  virulence.  Out  of  three  inoculated 
rabbits,  one  died  in  ninety-seven  hours  of  anthrax,  and  the  others 
recovered.  Three  guinea-pigs  all  succumbed,  and  a  fourth  guinea- 
pig  inoculated  with  a  cultivation  from  the  muscle- juice  also  died. 
Peuch  considers  that  there  is  danger  in  consuming  flesh  which  ha» 
not  been  thoroughly  cured. 

As  it  has  been  clearly  shown  that  pigs  may  become  infected  with 
anthrax,  these  animals  come  under  the  Anthrax  Order  of  1886. 
This  provides  for  the  disposal  of  the  carcass ;  and  although  Peuch 
has  shown  that  salting  destroys  the  virulence  of  the  flesh  of  pigs 
which  have  died  of  anthrax,  there  can  be  no  doubt  that  it  is  quite 
light  that  such  animals  should  be  condemned  as  unfit  for  food. 

Further,  the  recognition  of  the  occurrence  of  true  anthrax  in 
swine  is  an  additional  reason  for  condemning  the  Continental  practice 
of  eating  hams,  sausages,  etc.,  in  the  raw  state.  Indeed,  the  viru- 
lence of  anthrax  flesh  suggests  one  possible  explanation  of  some 
of  those  obscure  cases  of  meat  poisoning  which  have  occurred  in 
this  country.  It  is  possible  that  the  flesh  of  animals  which  had 
died  of  anthrax  was  used  in  the  preparation  of  sausages,  pork- pies, 
etc.,  and  that  the  cooking  was  not  sufficient  to  deprive  the  meat 
of  its  poisonous  properties. 

Equine  Anthrax. 

Veterinary  authorities  have  described  "  Anthrax  in  the  Horse,** 
but  it  remains  to  be  seen  whether  there  are  not  two  or  more  affec- 
tions included  under  this  heading.  Fleming  says :  "  The  most 
acute  form  of  anthrax,  the  apoplectic,  is  somewhat  rare  in  the 
horse,  and  has  perhaps  been  most  frequently  observed  on  the 
Continent.  Though  cases  are  recorded,  but  through  an  error  in 
diagnosis,  under  other  names  in  the  veterinary  literature  of  this 
country,  I  have  only  witnessed  two  cases  in  England  ;  though  during 
the  intense  summer  heat  in  the  north  of  China  I  had  several." 

The  question  to  which  the  author  is  in  a  position  to  give  a 
definite  answer  is,  whether  the  disease  produced  by  the  Bacillus 
anthracis  ever  occurs  in  the  horse.  Whether  that  has  been  pre- 
viously determined,  at  any  rate  in  this  country,  it  is  difficult  to  say. 
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Fleming  in  describing  the  pathological  anatomy  of  anthrax  in  the 
horse,  says  :  **  The  spleen  is  double  and  treble  its  ordinary  volume ; 
its  surface  is  sometimes  bosselated  by  tumours;  its  texture  is 
softened  and  transformed  into  a  viscid  reddish-brown  or  violet  mass, 
and  the  mesenteric  glands  are  infiltrated.  The  blood  in  it  has 
been  found  to  contain  bacteridia  when  examined  soon  after  death/' 
Williams,  who  says  that  *^antlu*ax  in  the  horse  rarely  occurs 
in  this  country,"  adds,  that  it  is  prevalent  in  India,  and  is 
there  termed  **  Loodiana  disease,"  and  in  Africa  *'  Uorse-sick* 
ness."  But  **  llorse-sickness,''  from  recent  researches,  is  certainly 
not  anthrax.  Williams  described  a  case  which  occurred  in  1879  as 
one  of  anthrax.  A  carriage-horse  died  suddenly  while  in  harness ; 
**  a  large  black  tumour  was  found  in  the  lungs,  and  the  pulmonary 
arteries  were  engorged  with  black  tarry  blood,  which,  when  micro- 
scopically examined,  was  found  to  contain  the  bacilli  in  a  most 
perfect  form,  and  very  numerous  indeed."  In  1884,  an  outbreak 
of  charbonous  fever  occurred  in  Liverpool.  Williams  proceeded 
to  investigate  the  outbi^eak,  and  found  two  horses  dead  on  his 
arnval,  one  having  died  only  a  few  houi*K  previously.  The  bacilli 
from  the  bhxxl  in  this  case  are  figured,  and  the  following  statement 
made  :  ^^  These  bacilli  seem  to  differ  from  those  of  splenic  fever,  being 
rather  smaller  in  diameter,  and  so  far  as  my  observations  go, 
multiply  by  fission  only,  not  developing  siwres." 

On  the  other  hand,  the  author  investigated  the  blood  of  a  mare 
which  was  supposed  to  have  died  of  anthrax,  and  on  examining 
cover-glass  prepjirations  of  the  hhKxl,  it  was  found  to  contain  large 
numbers  of  bacilli  with  the  characteristic  microscopical  appearances 
of  anthrax  bacilli.  To  phice  the  (piestioii  beyond  any  iH)ssible  doubt 
a  numlHT  of  tubes  of  agar-agar  were  inoculat^^d.  Tliese,  after  three 
days  in  th(»  incubator,  protlucetl  typical  cultivations,  and  on  examina- 
tion by  the  ordinary  methoils  and  by  double-staining,  yielde<l  very 
l^eautiful  preparations  of  filaments  and  spores. 

At  the  same  time  that  the  cultivations  were  prepared,  two  mice 
were  inoculated  at  the  r(K)t  of  the  tail  with  a  tnice  of  the  ])loo<l. 
Two  days  afterwards  they  were  both  found  dead,  and  with  the 
characteristic  post-mortem  appearances,  spleen  much  enlarged,  and 
anthrax  bacilli  in  enormous  numbers. 

There  can  be  no  doubt  that  true  anthrax  occurs  in  the  horse  ; 
and  the  author,  in  1887,  recommende*!  that  it  should  be  scheduled 
under  the  Contagious  Diseases  (Animals)  Act,  and  etpiine  anthrax 
has  been  included  in  the  Anthrax  Order  of  1895. 

More  recently  Pemberthy  has  described  cases  of  e(|uine  anthrax 


which  he  believes  to  have  been  the  result  of  itifectioa  from  feeding 
on  fdi-eign  ciivts  or  imported  hay. 

Preventive  Xnoonlatioil. — The  prevention  of  anthrax  by 
means  of  protective  inoculation  or  vaccination  has  been  attempted 
on  a  very  lurj^L'  >ink'  'ui  France,  and  it  ia  claimed  that  the  result's 
have  been  very  beneficial  to  agriculture  in  that  country : — 
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The  vaccine  is  supplied,  by  a  company  in  Paris,  in  two  strengths. 
Reports  are  supplied  by  veterinary  surgeons,  and  the  results  have 
been  tabulated  by  Chamberland  and  published,  and  commented  upon 
by  Cope  in  a  report  to  the  Board  of  Agriculture  (1894).  The  column 
of  deaths,  in  the  above  table,  includes  the  animals  which  died  from 
the  vaccination,  and  those  which  died  from  natural  infection. 

It  is  claimed  that  the  percentage  of  losses  has  been  reduced  from 
10  per  cent,  to  '94  per  cent,  in  sheep,  and  from  5  per  cent,  to  '34  per 
oent.  in  cattle.  Cope,  in  the  report  just  referred  to,  regards  these 
conclusions  as  somewhat  fallacious,  because  in  order  to  prove  that 
the  animals  inoculated  received  immunity,  it  should  be  shown  that 
they  were  subsequently  exposed  to  the  risks  of  natural  infection. 
This  was  not  the  case.  But  a  report  obtained  from  the  Bureau  in 
Paris  gives  the  actual  number  of  animals  on  each  of  the  infected 
farms,  and  the  number  which  have  died  of  the  disease ;  and  when 
compared  with  Chamberland's  statistics  it  is  evident  that  nine-tenths 
were  not  on  farms  where  the  disease  appeared — at  least,  during 
1889-92 — and  that  the  deaths  from  anthrax  on  those  farms  where 
it  was  reported  to  exist  were,  if  anything,  higher  than  they  were 
supposed  to  be  prior  to  the  introduction  of  the  system  of  vaccination  ; 
and  in  spite  of  the  immense  number  of  animals  vaccinated  the 
official  returns  obtained  from  Paris,  by  Cope,  indicate  that  the 
mortality  from  anthrax,  calculated  in  the  ordinary  way,  remains  as 
high  as  ever. 

Anthrax  in  France, 


Year. 

No.  of 

Outbreaks  re- 

INirted. 

No.  of  Aniuiala 
In  I'reiuiMB. 

No.  of  which 
IHed. 

Peroaotageof 
Low. 

1889 
181K) 
1891 
1892 

()18 
53(> 
570 
607 

22,599 
24,073 
21,35(5 
28,199 

(■ATTLE. 

1,458 
1.123 
1,444 
1,581 

m 

6-5 
4-7 

6-8 
5(5 

1889 
1890 
1891 
1892 

1 

— 

G,059 
5,365 
7,299 
5,058 

Sheep. 

700 
771 
849 
804 

11-6 
14-4 
11-6 
15-9 

1889 
1890 
1891 
1892 

1 

^__,          1 

16,540 
18.708 

14,057 
23,141 

755 
352 
545 

777 

1 

4-6 
1-9 
4-2 
3-4 
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In  Germany,  veterinary  and  agricultural  authorities  agree  that 
the  results  have  not  met  with  the  success  wliich  has  been  claimed 
for  vaccination  in  France.  Experiments  were  undertaken  for  the 
(German  Government,  and  in  one  set  of  experiments  twenty-five  sheep 
were  vaccinated  with  the  first  vaccine  without  an  accident,  but  three 
died  five  days  after  the  second  vaccine.  In  another  experiment  two 
hundred  and  fifty-one  sheep  were  vaccinated  with  only  one  deaths 
and  subsequent  inoculation  with  virulent  anthrax  proved  that  they 
had  immunity. 

Six  head  of  cattle  were  vaccinated  without  any  loss,  and  six  more 
were  used  for  a  control  experiment.  Inoculation  with  virulent  vii'us 
proved  fatal  to  the  control  animals,  but  the  vaccinated  were  pro- 
tected. These,  with  other  animals  similarly  vaccinated,  amounting 
in  all  to  two  hundred  and  sixty-six  sheep  and  eighty-three  head  of 
cattle,  were  then  turned  out  to  graze  on  infected  pastures  with  two 
hundred  and  sixteen  unvaccinated  sheep  as  a  control  experiment. 
Within  five  months  four  of  the  vaccinated  and  eight  of  the  un- 
vaccinated sheep  died  oi  anthrax,  and  one  of  the  vaccinated  and  one 
of  the  unvaccinated  cattle. 

The  result  of  these  experiments  led  to  the  following  conclusions  : — 

(1)  That  the  first  vaccine  is  mild  and  harmless. 

(2)  That  the  second  vaccine,  even  in  the  hands  of  experts,  is 
dangerous  and  often  fatal. 

(3)  That  sheep  are  more  affected  than  oittle  by  the  injections, 
exhibiting  fever  and  other  indications  of  illness. 

(4)  That  cattle  and  sheep  which  recover  from  the  vaccination 
have  an  immunity  against  anthrax  when  tested  by  experimental 
inoculation. 

(5)  That  vaccinated  cattle  and  sheep  tested  by  exj)osure  to 
natural  infection  by  grazing  on  infected  pastures  contract  tlie 
disease  in  the  ordinary  way. 

(6)  That  the  time  for  which  immunity  is  conferi'ed  has  not  beon 
determined. 

In  England,  Klein  tested  the  vaccine,  with  the  result  that  animals 
either  succumbed  to  the  vaccine,  or  to  virulent  anthi*ax  after  recovery 
from  the  vaccine.  Protective  inoculation  has  also  been  employ e<l  in 
a  few  instances  by  leading  agriculturists,  but  with  very  unsatis- 
factory results. 

Stamping-out  System. — In  Germany  the  conclusion  is  that 
the  safest  measures  are  destruction  of  c.ircasses  and  disinfection,  and 
that  inoculation  will  have  no  effect  in  lessening  the  loss  caused  by 
this  disease. 
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In  England  the  stamping* out  system  has  been  advocated  for 
many  yeai*s,  and  is  still  i*egarded  an  the  only  reliable  means  for 
suppivssing  the  disease ;  and  the  possible  introduction  of  the  disease 
among  healthy  stock  by  vaccina ticm,  and  especially  in  localities  in 
which  anthrax  is  unknown,  would  be  contrar}"^  to  the  principles  upon 
which  the  system  is  based.  These  principles  are  illustrated  by  the 
following  extracts  fi'om  the  Anthrax  Order  of  1895  : — 

Notification. 

2.— (1 )  Every  person  having  or  having  bad  in  bis  pomession  or  under 
his  charge,  an  animal  affected  with  or  suspected  of  anthrax,  shall,  with  all 
practicable  speed,  give  notice  of  the  fact  of  the  animal  being  no  affected  or 
suspected,  to  a  constable  of  the  police  force  for  the  police  area  wherein 
the  animal  so  affected  or  suspected  is  or  was. 

(2)  The  constable  shall  forthwith  give  information  of  the  receipt  by 
him  of  the  notice  to  an  Inspector  of  the  Local  Authority,  who  shall  forth- 
with report  the  same  to  the  Local  Authority. 

{^)  The  Inspector  of  the  Local  Authority  shall  forthwith  give 
information  of  the  receipt  by  him  of  the  notice  to  the  Medical  Officer 
of  Health  of  the  Sanitary  District  in  which  the  affected  or  suspected 
animal  is  or  was. 

Ihit^  of  Imt^Mctor  to  ad  iMinnliately. 

3.  An  Inspector  of  a  Local  Authority  on  receiving  in  any  manner 
whatsoever  information  of  the  supposed  existence  of  anthrax,  or  having 
reasonable  ground  to  suspect  the  existence  of  anthrax,  shall  proceed  with 
all  practicahle  speed  to  the  place  where  such  disease,  according  to  the 
information  received  by  him.  exists,  or  is  suspected  to  exist,  and  shall 
tberv  and  elsewhere  put  in  force  and  discharge  the  powers  and  dntiei 
ixaiferred  and  imposed  on  him  as  Inspector,  by  or  under  the  Act  of  1894 
and  this  Order. 

PuhUc   \VaruiH»j  a*  t*f  Kxi^Uncf  of  /)«V«i*». 

4. — (^1)  The  Local  Authority  may.  if  they  think  fit.  give  pnblie 
warning  by  placards,  advertui«ment.  or  otherwise,  of  the  existence  of 
anthrax  in  any  shed,  suble.  building,  field,  or  other  place,  with  or  witboat 
any  particular  description  tlnrreof.  as  they  think  fit.  and  may  continue  to 
do  i^>  during  the  existence  of  the  disease,  and.  in  case  of  a  shed,  stable. 
building,  or  othrr  like  place,  until  the  same  has  been  cleansed  and  dis- 
infecte^i  in  acoordtnce  with  this  Order. 

[11^  It  shall  not  l«  lawful  for  any  person  (without  authority  or 
excuse  >  to  rv move  or  deface  any  Mich  placard. 

c*  Wherv  anthrax  e\t«ts  or  ha«  existed  in  any  shed,  stable,  boilding. 
or  o:her  place,  it  shall  not  l*e  lawful  to  remore  from  sncfa  shed,  stable* 
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buildiDg,  or  other  place  the  milk  of  any  cow  which  is  affected  with  or 
snspected  of  anthrax. 

Removal  of  Dung  or  other  Thhigs. 

6.  It  shall  not  bei  lawful  for  any  person  to  send  or  carry,  or  cause  to 
be  sent  or  carried,  on  a  railway,  canal,  river,  or  inland  navigation,  or  in 
a  coasting  vessel,  or  on  a  highway  or  thoroughfare,  any  dung,  fodder,  or 
litter  that  has  been  in  any  place  in  contact  with  or  used  about  a  diseased 
or  suspected  animal,  except  with  a  Licence  of  the  Local  Authority  for 
the  District  in  which  such  place  is  situate,  on  a  certificate  of  an  Inspector 
of  the  Local  Authority  certifying  thai  the  thing  moved  has  been,  so  far 
as  practicable,  disinfected. 

Dispoml  of  Carcasses, 

7. — (1)  The  carcass  of  an  animal  which  at  the  time  of  its  death  was 
affected  with  or  suspected  of  anthrax  shall  be  disposed  of  by  the  Local 
Authority  as  follows  : — 

(i)  Either  the  Local  Authority  shall  cause  the  carcass  to  l)e  buried 
as  soon  as  possible  in  its  skin  in  some  convenient  or  suitable  place 
removed  from  any  dwelling  house  and  at  such  a  distance  from  any 
well  or  watercourse  as  will  preclude  any  risk  of  the  contamination 
of  the  water  therein,  and  at  a  depth  of  not  less  than  six  feet 
below  the  surface  of  the  earth,  having  a  layer  of  lime  not  less 
than  one  foot  deep  beneath,  and  a  similar  layer  of  lime  above, 
the  carcass ; 
(ii.)  Or  the  Local  Authority  may,  if  authorised  by  Licence  of  the 
Board,  cause  the  carcass  to  be  destroyed,  under  the  inspection  of 
the  Local  Authority,  in  the  mode  following:  The  carcass  shall 
be  disinfected,  and  shall  then  be  taken,  in  charge  of  an  officer  of 
the  Local  Authority,  to  a  horse-slaughterer's  or  knacker's-yard 
approved  for  the  purpose  by  the  Board,  or  other  place  so  approved, 
and  shall  be  there  destroyed  by  exposure  to  a  high  temperature, 
or  by  chemical  agents. 

(2)  With  the  view  to  the  execution  of  the  foregoing  provisions  of  this 
Article  the  Local  Authority  may  make  such  Regulations  as  they  think  fit 
for  prohibiting  or  reg^ulating  the  removal  of  carcasses,  or  for  securing  the 
burial  or  destruction  of  the  same. 

(3)  Before  a  carcass  is  removed  for  burial  or  destruction  under  this 
Article  it  shall  be  covered  with  quicklime.  In  no  case  shall  the  skin  of 
the  carcass  be  cut,  nor  shall  anything  be  done  to  cause  the  effusion  of 
blood. 

(4)  A  Local  Authority  may  cause  or  allow  a  carcass  to  be  taken  into 
the  District  of  another  Local  Authority  to  be  buried  or  destroyed,  with 
the  previous  consent  of  that  Local  Authority,  but  not  otherwise. 

Digging  Up, 

8.  It  shall  not  be  lawful  for  any  person,  except  with  the  Licence  of 
the  Board  or  permission  in  writing  of  an  Inspector  of  the  Board,  to  dig 
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up.  or  cause  to  be  dug  up,  the  carcass  of  any  animal  that  has  been 
buried. 

Dinhifpction  in  Case  of  Anthrax, 

9. — (1)  The  Local  Authority  shall  at  their  own  expense  cause  to  be 
cleansed  and  disinfected  in  the  mode  provided  by  this  Article — 

(it)  All  those  parts  of  any  shod,  stable,  building,  or  other  place  in 

which  a  diseased  or  suspected  animal  has  been  kept  or  has  died  or 

been  slaughtered  ; 
(6)  Every  utensil,  pen,  hurdle,  or  other  thing  used  for  or  about  any 

diseased  or  suspected  animal ; 
(c)  Every  van,  cart,  or  other  vehicle  used  for  canying  any  diseased 

or  suspected  animal  on  land  otherwise  than  on  a  railway. 

(2)  The  mode  of  the  cleansing  and  disinfection  of  such  shed,  stable, 
building,  or  other  place,  or  the  part  thereof,  shall  be  as  follows  : — 

(i.)  All  those  parts  aforesaid  of  the  shed,  stable,  building,  or  other 
place  shall  be  swept  out,  and  all  litter,  dung,  or  other  thing  that 
has  been  in  contact  with,  or  used  about,  any  diseased  or  suspected 
animal  shall  be  effectually  removed  therefrom  ;  then 

(ii.)  The  floor  and  all  other  parts  of  the  shed,  stable,  building,  or  other 
place  with  which  the  diseased  or  suspected  animal  or  its  droppings 
or  any  discharge  from  the  mouth  or  nostrils  of  the  animal  has  come 
in  contact,  shall  be,  so  far  as  practicable,  thoroughly  washed  or 
scrubbed  or  scoured  with  water  ;  then 

(iii.)  The  same  parts  of  the  shed,  stable,  building,  or  other  place  shall 
be  washed  over  with  lime  wash  made  of  freshly  burnt  lime  and 
water,  and  containing  in  each  gallon  of  limewash  four  ounoes  of 
chloride  of  lime  or  half  a  pint  of  commercial  carbolic  acid,  the 
limewash  l)eing  propiired  immediately  before  use  ; 

(iv. )  Except  that  where  any  place  as  aforesaid  is  not  capable  of  being 
so  cleansed  and  disinfected,  it  shall  be  sufficient  if  such  place  be 
cleansed  and  disinfected  so  far  as  practicable. 

(3)  The  mode  of  the  cleansing  and  disinfection  of  such  utensil,  pen, 
hurdle,  or  other  thing,  and  such  van,  cart,  or  other  vehicle  aforesaid,  shall 
be  as  follows  : — 

(i.)  Each  utensil,  pen,  hurdle,  or  other  thing,  van,  cart,  or  other 
vehicle,  shall  be  thoroughly  scraped,  and  all  litter,  dung,  sawdust, 
or  other  thing  shall  be  effectually  removed  therefrom  ;  then 

(ii.)  It  shall  be  thoroughly  washed  or  scrubbed  or  scoured  with  water ; 
then 

(iii.)  It  shall  be  washed  over  with  limewash  made  of  freshly  burnt 
lime  and  water,  and  containing  in  each  gallon  of  limewash  four 
ounces  of  chloride  of  lime  or  half  a  pint  of  commercial  carbolic 
acid,  the  limewash  l)eing  prepared  immediately  before  use. 

(4)  All  litter,  dung,  or  other  thing  that  has  been  removed  from  any 
such  shed,  stable,  building,  place,  van,  cart,  or  vehicle  as  aforesaid,  shall 
be  forthwith  burnt  or  otherwise  destroyed  or  disinfected  to  the  satiafac- 
tion  of  an  Inspector  of  the  Local  Authority. 
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(5)  The  Looal  Authority  may  make  such  Regulations  as  they  think 
fit  for  the  purpose  of  carrying  out  the  provisions  of  this  Article. 

Occupiers  to  give  Fctcilitiea  for  Cleansing. 

10. — (1)  Where  the  power  of  causing  any  place,  thing,  or  vehicle  to 
be  cleansed  and  disinfected  under  this  Order  is  exercised  by  a  Local 
Authority,  the  owner  and  occupier  and  person  in  charge  of  the  place, 
thing,  or  vehicle  shall  give  all  reasonable  facilities  for  that  purpose. 

(2)  Any  person  failing  to  comply  with  the  provisions  of  this  Article 
shall  be  deemed  guilty  of  an  offence  against  the  Act  of  1894. 

Regulatioue  of  Local  Authority  as  to  Movement  <f  AuimaU^ 

Fodder,  etc, 

11.  A  Local  Authority  may  make  such  Regulations  as  they  think  fit 
for  the  following  purposes,  or  any  of  them  : — 

(a)  For  prohibiting  or  regulating  the  movement  of  any  diseased  or 

suspected  animal  into  or  out  of  any  shed,  stable,  building,  field,  or 

other  place,  or  any  part  thereof ; 
{li)  For  prohibiting  or  regulating  the  movement  of  any  animal  into 

or  out  of  any  shed,  stable,  building,  field,  or  other  place,  or  any 

part  thereof,  in   which  there  is  or    has   been   any   diseased    or 

suspected  animal ;  and 
(c)  For  regulating  the  removal  out  of  any  shed,   stable,  building, 

field,  or  other  place  of  any  fodder,  litter,  or  other  thing  that  has 

been  in  contact  with  or  used  for  or  about  any  diseased  or  suspected 

animal ; 
but  nothing  in  any  such  Regulation  shall  authorise  movement  in 
contravention  of  any  provision  of  any  Order  of  the  Board  for  the  time 
being  in  force  ;  and  a  Regulation  under  paragraph  (6)  of  this  Article 
shall  operate  so  long  only  as  any  animal  which  in  the  judgment  of  the 
Local  Authority  is  diseased  or  suspected  remains  in  the  shed,  stable, 
building,  field,  or  other  place  to  which  the  Regulation  refers,  and,  in  case 
of  a  shed,  stable,  building,  or  other  like  place,  until  the  same  has  been 
cleansed  and  disinfected  in  accordance  with  this  Order. 

Slaughter  in  Anthrax  and  Compennation, 

12. — (1)  A  Local  Authority  may  if  they  think  fit  cause  to  be 
slaughtered — 

(a)  Any  animal  affected  with  anthrax  or  suspected  of  being  so 
affected;  and 

{h)  Any  animal  being  or  having  been  in  the  same  field,  shed,  or  other 
place,  or  in  the  same  herd  or  flock  or  otherwise  in  contact  with 
animals  affected  with  anthrax,  or  being  or  having  been  in  the 
opinion  of  the  Local  Authority  in  any  way  exposed  to  the  infection 
of  anthrax. 

(2)  The  slaughter  of  animals  under  this  Article  shall  be  conducted 
in  such  mode  as  will  so  far  as  possible  prevent  effusion  of  blood. 
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(3)  The  Local  Authority  shall  out  of  the  local  rate  pay  compensation 
as  follows  for  animals  slaughtered  under  this  Article  :— 

(a)  Where  the  animal  slaughtered  was  affected  with  anthrax  the 
compensation  shall  be  one-half  of  the  value  of  the  animal 
immediately  before  it  became  so  affected ;  and 

(b)  In  every  other  case  the  compensation  shall  be  the  value  of  the 
animal  immediately  before  it  was  slaughtered. 

(4)  Provided,  that  if  the  owner  of  the  animal  gives  notice  in  writing 
to  the  Local  Authority,  or  their  Inspector  or  other  officer,  that  he  objects 
to  the  animal  being  slaughtered,  it  shall  not  be  lawful  for  the  Local 
Authority  to  cause  that  animal  to  be  slaughtered  except  with  the  farther 
special  authority  of  the  Board  first  obtained. 

Keeping  of  Swine  in  SUiughter-honBes, 

16.  It  shall  not  be  lawful  for  any  person,  in  any  case  in  which  the 
slaughter  of  any  animal  is  authorised  or  required  by  this  Order,  to  nae 
for  such  slaughter  any  slaughter-house  in  which  swine  are  kept 

Whether  an  anthrax  virus  can  be  obtained  which  is  absolutely 
incapable  of  creating  centres  of  infection,  and  can  therafore  be 
reconimen(le<l  with  safety  for  vaccination  as  an  auxiliary  and 
voluntary  measure,  is  a  matter  for  further  investigation. 


CHAPTER   XV. 

QUAKTER-EVIL. — MALIGNANT  (EDEMA. — RAG-PICKERS'  SEPTICiEMIA. — 
SEPTICiEMIA   OF   GUINEA-PIGS.— SEPTICiEMI A   OF  MICE. 

QuARTER-E^'^IL  ill  Cattle,  malignant  oedema,  and  rag-pickers'  septicaemia 
in  man,  septicaemia  in  giiineii-pigs,  and  septicaemia  in  mice,  are  all 
varieties  of  septicaemia  produced  by  bacilli. 

An  account  of  quarter-e\'il,  malignant  oedema,  and  rag-pickers' 
septicaemia  may  appropriately  follow  the  chapter  on  anthrax,  as 
they  have  certain  similarities  to  that  disease.  They  ai*e,  however, 
not  only  dLstinct  from  anthrax,  but  must  be  carefully  distiDguisheil 
from   each   other.      In   connection    with  these   forms   of   bacillarv 

» 

septicaemia  in  man  and  cattle  we  may  study  bacillary  septicaemia 
in  small  animals. 

QUARTER-EVIL. 

The  disea.se  known  in  this  country  as  (|uarter-evil  or  bhick-leg 
is  identical  with  the  French  Charhon  si/mjUorimtique  and  the 
German  Rausclibrand.  Symptomatic  anthrax  in  a  very  slight  degree 
resembles  anthrax.  The  disease  occui*s  usually  in  young  cattle  from 
a  few  weeks  to  about  twelve  months  old,  and  attacks  sheep  and 
horses,  but  not  swine  or  poultry.  It  is  characterised  by  the  develop- 
ment of  an  emphysematous  swelling  of  the  subcutaneous  tissue  and 
muscles,  generally  over  the  hind  quarter.  Infected  animals  cease 
feeding,  the  temperature  rises,  lameness  supervenes,  and  death 
occurs  in  about  forty-eight  hours.  The  tumour  on  incision  is  found 
to  contain  a  quantity  of  dark  sanguineous  fluid,  with  characteristic 
bacilli. 

Bacillus  of  Quarter-evil  {Badlle  du  charbon  sjpnptoraatiqn^, 

Bau8chbra^\d  bciciUtcs), — Motile  rods  with  rounded  ends,  3  to  5  /x  in 

length,    '5   to   '6   ft   in   breadth.      Spore-formation    present.      The 

spores  are  oval,  generally  situated  near  the  extremity  of  the  rods, 

and  when  fully  developed  considerably  exceed  the  rods  in  diameter. 
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Involution  forms  are  freely  developed  in  old  culturea,  anil  in 
cultures  made  iu  unsuitable  media.  The  IwiciHi  possess  numerous 
flftgella,  and  theii- 
power  of  movement  at 
oniw  distinguisheatbem 
f!i)m  anthrax  bacilli. 
They  can  be  cultivated 


^-a^&s- 


\-<. 


ill  the  ordii 
in  the  absei 
;^eli,   but 


0  i' 


■  media 

readily 
itb  tbe  iiddition  of 
gi-iipe-BugHi-  ur  glyce- 
rine. Rudiutiug  Uln- 
ments  grow  out  from 
the  more  or  less  apher- 
iciil    colijiiieH    liii-pfith' 


liquefaction  commences.  In  the  depth  of 
nutrient  gelatine  the  growth  occurs  in  two 
or  three  dayn  at  20°  to  25°  0.  towards  the 
lower  part  of  the  track  of  the  inoculating 
needle.  The  gelatine  slowly  liquefies,  and 
there  is  coneidemble  formation  of  gas  with 
tbe  development  of  a  peculiar  odour.  Spore- 
formation  occurs  freely  in  cultures,  but  not 
in  the  blood  of  infected  animals  until  after 
death. 

Guinea-pigs  inoculated  with  a  pure- 
eulture,  or  with  spore-beikrlug  threads,  die 
in  twenty-four  to  thirty-aix  hours.  An  em- 
physematous infiltration  with  sanguineous 
Hertim  is  produced  at  the  seat  of  inoculation, 
and  the  surrounding  muscles  are  of  a  dark 
colour.  The  internal  organs  are  more  or  less 
congested.  The  bacilli  are  found  in  the 
local  exudation  and  in  the  surrounding 
tissue,    and    .some     hours    after    death    in 


IN  Gbape-bucab  Gela- 
tin k  (  Frank  RL  mid 
PcBirriiR). 
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increasing  numbers  in  the  blood  of  the  heai*t  and  in  the  internal 
organs. 

Quarter-evil  and  malignant  oedema,  though  possessing  points  of 
resemblance,  are  distinct  diseases.  Not  only  do  the  bacilli  in  the 
two  cases  differ  in  minute  morphological  and  biological  details,  but 
Kitasato  showed  that  guinea-pigs  rendered  immune  against  vindent 
quart«r-evil  had  no  immunity  against  maUgnant  oedema. 

Protectiye  Inoculation. — Axloing,  Comevin  and  Thomas  have 
produced  immunity  by  inocidating  healthy  c-attle  with  a  small 
quantity  of  the  fluid  from  the  tumour  of  an  infected  animal. 
Recovery  takes  place,  and  subsequent  inoculation  with  a  strong  dose 
is  without  effect.  Similar  results  may  be  obtained  by  intravenous 
injection  of  a  few  drops  of  the  exudation.  For  general  application 
of  the  system  of  protective  inoculation,  the  virulent  liquid  and 
affected  muscles  are  dried  at  32*^  to  35°  C,  and  the  dried  mass 
triturated  with  water  and  heated  to  100°  C.  This  is  used  as  the 
first  vaccine. 

An  infusion  similarly  prepared,  but  only  heated  to  80°  C,  forms 
the  second  vaccine.  The  dry  powder  is  a  convenient  form  for 
general  distribution,  and  ^  of  a  gramme  is  triturated  with  5  cc. 
of  water,  and  ^  cc.  is  injected  into  each  animal.  In  about  ten  days 
the  second  vaccine  is  employed,  and  cattle  so  treated  are  said  to 
have  a  complete  immunity  from  fatal  doses. 

The  place  chosen  for  the  injection  is  the  under  surface  of  the 
tail,  a  short  distance  from  the  extremity.  The  hair  Ls  clipped  at 
this  spot,  and  the  point  of  a  syringe  is  pushed  in  between  the  sldn 
and  the  bone,  and  the  vaccine  slowly  injec*ted. 

Roux  and  Chamberland  produced  immunity  by  inoculation  of 
filtered  cultures.  Cultures  in  broth  were  deprived  of  l)acilli  by 
heating  to  115°  C,  or  by  filtration  through  porcelain.  Guinea-pigs 
were  inoculated  with  three  doses  of  30  cc.  at  intervals  of  two  days, 
and  subsequently  injected  with  a  solution  of  virulent  black -leg 
powder  and  lactic  acid,  which  killed  control  animals  in  twenty-four 
hours.  Kitt  employed  cultures  on  agar  a  fortnight  old,  or  fresh 
cultures  sterilised  bv  steam  for  thii'tv  minutes.  It  was  found 
possible  to  confer  immunity  in  oxen,  sheep,  and  guinea-pigs  against 
the  most  virulent  extract.  Kitt's  method  has  the  advantage  over 
others  of  only  necessitating  one  single  injection.  Whether  tha^e 
experiments  are  of  scientific  interast  rather  than  of  practical  value 
may  be  r^arded  as  an  open  question. 

On  the  Continent,  and  especially  in  France,  vaccination  against 
quarter-evil  has  been  carried  out  extensively ;  and  by  comparing  the 
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luoi'tality  among  the  vaccinated  and  unvaccinated  in  localities  where 
the  disease  commonly  occurs,  it  has  been  said  that  the  results  are 
extremely  favourable.  The  matter  was  investigated  in  this  country 
by  a  committee  of  the  Midland  Veterinary  Medical  Association, 
and  in  the  course  of  the  experiments  some  surprising  results  were 
obtained.  Six  calves  and  four  sheep  were  vaccinated,  and  five 
calves  and  two  sheep  were  left  unvaccinated  as  a  control  ex|)eriment. 
The  seventeen  animals  were  subsequently  inoculated  with  virident 
virus  in  the  form  of  dried  and  powdered  muscle.  In  forty-eight 
hours  all  the  sheep  died,  and  all  the  calves  exhibited  a  swelling  at 
the  seat  of  inoculation.  In  another  set  of  experiments,  healthy 
calvas  inoculated  with  frash  juice  from  the  tumour  in  a  case  of 
(juaHer-evil  were  not  materially  affected.  The  possibility  of  those 
calves  which  possess  a  natural  immunity  being  classed  as  protected 
by  the  inoculation  must  be  admitted,  and  the  efficacy  and  safety 
of  tlie  process  is  by  no  means  established. 

Malignant  Q^Idema. 

The  disease  known  by  surgeons  as  progressive  gangrene,  gan- 
gi*enous  emphysema,  or  surgical  gangrene,  h^s  been  shown  by  the 
researches  of  Chauveau,  Avloing,  Rosenbach  and  Bab^s,  to  be 
due  to  a  bacillus  identical  with  tlie  microbe  aeptiqtie  of  Pasteur  and 
the  bacillus  of  malignant  oedema  of  Koch.  The  bacillus  or  its  s})ores 
may  be  spread  by  the  neglect  of  antiseptics.  The  disease  occurs 
especially  after  c<)mi)ound  fracturas  and  gun-shot  wounds. 

If  a  guinea-pig  is  subcutancously  inocidated  with  earth,  putrid 
fluid,  or  hay  dust,  death  frequently  t)ccurs  in  from  twenty-four  to 
forty-eight  hoin-s.  At  the  autojwy  the  most  characteristic  symptom 
is  a  widaspn^id  sulxjutiiueons  ciidenia  accompanied  by  air- bubbles. 
This  originates  fi*oni  the  point  of  inoculation,  and  contaiins  a 
clear  reddish  li({uid  full  of  motile  and  non-motile  bacilli.  The 
internal  orgaiLs  are  little  changed,  the  spleen  is  enlarged  and  of  a 
dark  colour,  and  the  lungs  are  hypera?mic,  and  have  hemorrhagic 
s{)ots.  Examined  immediately  after  death,  few  or  no  bacilU  are 
tletected  in  the  blocnl  of  the  heart,  but  in  that  of  the  spleen,  liver, 
lungs,  and  other  organs,  in  the  peritoneal  exudation,  and  in  and 
upon  the  serous  coating  of  the  alxlominal  organs,  they  are  present  in 
large  numbers.  If,  on  the  other  hand,  the  animal  is  not  examined 
until  some  time  after  death,  the  bacilli  are  found  in  the  blood  of 
the  heart,  and  distiibuted  all  over  the  body. 

Bacillus  CEdematis  Maligni,  Koch  (Pasteur's  Septicaemia). — 
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Rodti  from  3  to  3'5  n  long  aai  1  to  I'l  ^  wide  ;  they  mostly  lie 
in  paii-s,  and  then  appear  to  be  double  this  length.  Tlie  roda  are 
rounded  at  their  ends,  and  form  threads  which  are  Hometimen  straight, 
but  more  commonly  curved.  In  stained  preparations  they  have  a 
Romewhat  granular  appeiirance.  They  are  motile,  posttesaing  Aagetin, 
and  form  spores.  The  bacilli  are  diHtiugnished  from  anthrax  bacilli 
by  their  being  somewhat  thinner,  by  their  rounded  ends,  and  by  their 
motility.  Moreover,  anthrax  bacilli  never  appear  as  threads  in  fi-enh 
blood,  and  are  differently  distributed  throughout  the  body.  They 
are  ana^bic,  and  can  bo  cultivated  on  blood  serum  and  on  neutral 
solution  of  Liebig's  meat  estract  in  an  atmosphere  of  carbonic  acid. 
By  embedding   material   containing   bacilli   in    nutrient   agar-agar 


the  aubciitmieous  ti 


and  nutrient  gelatine,  characteristic  cultivations  are  obtained.  Tlie 
following  process  may  be  adopted  to  obtain  a  pure  cultivation.  A 
mouse  inoculated  subcjitaueously  with  dust,  as  a  rule,  <lies  in  one 
to  two  days.  It  is  then  pinnetl  out,  back  uppermost,  on  a  slab  of 
wood,  and  the  hair  singed  with  a  Paquelin's  cautery  from  one  hind 
leg  up  to  the  neck,  across  the  latter,  and  down  again  to  the  oppoeite 
hind  leg.  Following  the  cauterised  line,  the  tikin  is  cut  through  with 
sterilised  scissors,  and  the  flap  turned  back  and  pinned  out  of  the 
way.  With  curved  scissors  little  pieces  of  the  subcutaneous 
cedematouB  tissue,  in  the  neighbourhood  of  the  inoculated  spot,  are 
cut  out,  and  sunk  with  a  platinum  needle  in  a  1  per  cent,  nutrient 
agar-agar,  or  5  per  cent,  nutrient  gelatine.  Fragments  of  tissue  may 
aliw  be  embedded  by  the  method  already  described  for  anaerobic 
bacteria. 
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The  iaoculat«d  tubes  are  placed  in  the  incubator.  In  a  few  hours 
a  whitisli  turbidity  apreadM  out  from  the  piece  of  tiusue,  and  upwards 
in  the  needle  track.  Examined  microscopically,  the  turbidity  is  found 
to  be  due  solely  to  the  development  of  the  bacilli  of  oedema.  The 
Kiirface  expoMed  to  the  air  exhibite  no  trace  of  the  bacilli.  To 
investigate  the  tubes  microscopically,  a  sterilised  glass  tube  with  a 
capillary  end  may  be  used,  with  its  neck 
plugged  with  sterilised  ootton-wool,  and 
provided  at  the  mouth  with  a  suction  baU. 
The  capillary  end  is  thrust  into  the  cultiva- 
tion, and  a  small  fragment  removed  by 
aspiration. 

In  the  course  of  the  first  day  the  batnlli 
spread  throughout  a  great  part  of  the 
ftgar-ngar  in  such  a  way  that  a  more  or  less 
equally  diffused  cloudiness  of  the  medium  en- 
sues, with  subsequent  appearance  of  strongly 
marked  clouds  or  lines  of  turbidity.  At  the 
same  time  gns- bubbles  develop  along  the 
needle  track,  and  a  collection  of  liquid  takes 
place,  while  spore-formution  also  commences. 
The  following  day  these  appearances  are  more 
marked,  the  oimcity  is  more  pronounced,  the 
developmeut  of  gas  increases,  and  the  liquid 
contains  mor(>  spore-formiug  bncilU  and  nu- 
merous free-8jx)res. 

Tlie  uutrient-gclatino  cultures  during  the 
first  day  show  no  macriwico{>ic  change,  but 
f  after  a  few  days  the  piece  of  tisHue  is  sur- 
f  Malfi;-  rouiuleil  with  a  white  halo.  This  gradimlly 
H|>reads  in  all  directions,  and  is  apparently 
beset  with  hairs.  The  gelatine  liiinelies,  and 
the  fragment  of  tisHue,  degeneratett  badlli, 
and  spores,  sink  to  the  bottom.  The  cultivation  is  also  very 
ciianicteriKtit!  in  a  j  per  cent,  nutrient  iigiir-agar.  If  placed  in 
the  incubator,  in  a  few  hours  a  clondiiiess  forms  around  the  piece  of 
embe<ldcd  tissiie,  which  is  caused  by  ba<'illi  gradually  spreading  in  all 
dirt«tions  in  the  nutrient  medium.  Mice  inoculated  from  these 
cultivatioiLs  die  more  quickly  than  fn)m  the  original  infection  from 
<luMt.  On  [Kitatoes  they  are  cultivated  by  intnxlucing  a  piece  of  liver 
or  other  tisniic  containing  the  bacilli,  into  the  interior  of  a  sterilised 
potato,  and  incubated  at  38°  0.  The  bacillus  i<t  not  deprived  of  its 
virulence  by  cultivation. 
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The  sporea  of  the  oedema- bucilli  ftppear  to  be  very  widely  dis- 
tributed. They  Are  fouud  in  the  upper  cultivated  layers  of  the  soil, 
in  faay  dust,  in  decompoeing  liquids,  and  especially  in  the  bodies  of 
suffocated  auimals,  which  are  left  to  decxnapose  at  a  high  temperature. 
From  any  of  these  sources  animals  can  be  successfully  inoculated. 
The  bacillus  is  not  only  pathogenic  in  guinea-pigs,  rabbits,  and 
mice,  but  also  in  man  and  in  farm  auimals,  including  calves  but  not 
cattle.  Pure-cultures  inoculated  in  animiilB  produce  oedema  at  the 
seat     of     inoculation 

without       appreciable  7^^_     7- 

gas      formation     and 

without  any  putrefac-  .  ^ 

live  odour.    The  odour  j  r 

and     frothy     effusion        i 
resulting  from  the  in-       /  '-  ■• 

oculation  of  earth  are      ;       '  .^ 

due  to  other  bacteria,  ,11 

which  are   introduced 
simultaneously      with 

the    bacilli   of   malig-         '  ^v.  \ 

nant  (edema.  The 
spleen  is  sometimes 
slightly  enlarged.  Sy 
touching  with  a  cover- 
glass  the  cnpsule  of  yio.  105. 
the  spleen,  or  by  ex-  From  a 
amining     the     serous 

effusion,  the  bacilli  are  found  in  abundance  ;  but  if  a  prepnmtion 
is  made  from  the  interior  of  the  spleen  or  from  the  blood  of 
the  heart,  no  bacilh  will  be  found  until  several  hours  iifter 
death.  In  this  respect  there  is  a  marked  difference  from 
anthrax.  Another  difference  is  shown  in  spore- formation,  which 
occurs  in  the  living  body  in  mahgnant  (edema,  but  never  in 
anthrax.  Animals  which  recover  from  the  disease  ai-e  said  to 
be  protected. 

Frote(^Te  Inoculation — Boux  and  Ohamberland  produceil 
immunity  by  injecting  the  chemical  products  in  the  filtrate  obtained 
from  cultures  in  broth.  The  serum  from  fatal  cases  will,  it  is  said, 
confer  immunity  on  other  animals. 

There  is  a  variety  of  this  bacillus  in  soil  according  to  Fliigge, 
agreeing  in  morphological  and  cultural  but  not  in  pathogenic 
characters. 
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Rag-pickers*  Septicemia. 

Rag- pickers'  disease  has  a  resemblance  to  anthrax  or  wool-sorters' 
disease.  After  death  the  spleen  is  found  to  be  enlarged,  the  in- 
ternal organs  are  congested,  and  there  are  haemorrhages  on  the 
serous  membranes.  Bordoin -Uffreduzzi  isolated  bacilli  which  are 
quite  easily  distinguished  from  anthrax  bacilli.  They  wei'e  found 
in  the  blood  and  in  sections  of  the  internal  organs. 

Proteus  hominis  capsulatus. — Rods  with  rounded  ends,  singly, 
in  pairs,  and  in  filaments,  somewhat  smaller  than  anthrax  bacilli, 
and  often  irregular  in  form.  Spore-formation  not  described  ;  they 
have  a  well-marked  capsule.  Colonies  are  circular,  appearing  at 
first  granular,  and  later  possessing  a  filamentous  structure.  In 
the  depth  of  gelatine  they  grow  in  the  shape  of  a  round-heiided 
nail,  like  a  culture  of  Friedlander's  pneumococcus.  On  the  surface  of 
gelatine  they  form  a  shining  white  layer.  On  agar  the  growth  is 
somewhat  transparent.  On  i>otato  a  moist,  glistening  film  gradually 
spreads  over  the  surface.  They  do  not  liquefy  blood  serum,  and 
the  growth  is  similar  to  that  obtained  on  agar.  They  prove  fatal 
to  mice  and  dogs,  but  rabbits  and  guinea-pigs  are  not  very  sus- 
ceptible. Dogs  die  usually  on  the  second  day  after  intravenous 
injection,  and  after  death  there  is  congestion  of  the  internal  organs 
and  of  the  intestinal  mucous  membrane.  (Edema  is  produced  at 
the  seat  of  inoculation  in  mice.  There  are  haemorrhages  in  the 
lymphatic  glands,  and  congestion  of  the  liver  and  kidneys.  Similar 
organisms  have  been  descril)ed  by  Kolh  and  by  Balies  in  purpura 
hajmorrhagica. 

Seppicemia  of  Glixea-pigs. 

Guinea-pigs  and  mice  sometimes  die  of  septicaimia,  characterise<l 
by  congestion  of  the  lungs,  liver,  and  kidneys,  inflamed  peritoneum, 
pleural  and  jx^ricardial  exudation,  congested  spleen,  and  congestion 
of  the  mucous  and  serous  coats  of  th(»  intestine.  Klein  isolated 
a  bacillus  from  the  blwxl  and  the  internal  organs  in  these  cases. 

Bacillus  of  SepticBBmia  in  Guinea-pigs.— Rods  with  rounded 

ends,  motile,  with  pleomorphic  foi-ms,  c(K'ci,  short  rods  and  lilaments. 
Colonies  appear  as  small,  circular,  white  dots,  which  (Milarge  and 
become  irregular  in  outline.  In  the  depth  of  gelatine  a  white 
filament  develops,  and  on  the  surface  the  growth  rapidly  spreads 
with  a  crenated  outline.  Broth  l>ecomes  turbid,  and  after  the  second 
day  a  copious  white  seiliment  is  deposited.  Spore-formation  not 
observed. 


224  INFECTIVE   DISEASES. 

Rao-pickerk*  Bepticemia* 

liag- pickets*  ditseaiie  has  a  ref^eujlilarioe  to  anthrax  or  woolHsorien' 
ilihease.  After  deatii  the  Kjileeii  is  found  tr>  be  enlarged,  the  in- 
ternal orgariK  are  congested ,  and  there  are  hsnnoniiages  on  the 
KeroiiH  membranes.  Bordf>ni  Uffreduzzi  isolated  bacilli  which  are 
quite  eai^ily  <liKtingui><h6d  from  anthrax  baeillL  They  were  found 
in  the  blood  and  in  Heirtions  of  the  internal  organs. 

Proteus  hominis  capsolatiu. — Roda  with  rounded  en<is,  singlj, 
in  pairs,  and  in  filaments,  somewhat  smaller  than  anthrax  bacilli, 
and  oftffn  irregular  in  form.  8|>ore- formation  not  deiirnbed  ;  they 
have  a  well-mark<5d  (*a|Mule.  Colonies  are  circular,  appearing  at 
first  granular,  and  later  |K>ssesKing  a  filamentous  structure.  In 
the  depth  <if  gelatine  they  grow  in  the  shape  of  a  round-headed 
nail,  like  a  culture  of  Friecllander  s  pneumoooccus.  On  the  surface  of 
;r<']:itine  they  form  a  shining  white  layer.  On  agar  the  growth  is 
Mime  what  transpaivnt.  On  [xitjito  a  moist,  glistening  film  gradually 
^pl'ea4ls  over  the  surface.  They  do  not  li<piefy  blood  serum,  and 
the  growth  is  similar  to  tliat  obtained  <in  agar.  They  prove  fatal 
to  mice  and  do^s,  but  rabbits  and  guinea-pigs  are  not  ven'  sus- 
<Mfptible.  Dogs  <lie  usually  on  the  se;*ond  day  after  intravenous 
iiije(*tion,  and  aft<T  de:ith  there  is  cr)iigestion  of  the  internal  organs 
and  of  the  int^^stiiuil  mucous  membrane.  (Edema  is  prcxluced  at 
the  s<iat  of  in(K;ulation  in  mice.  There  are  haemorrhages  in  the 
lymphatic  glands,  and  congestion  of  the  liver  and  kidneys.  Similar 
organisms  liav<»  Ikhju  descril>e<l  by  Kolb  and  by  Bal>es  in  purpura 
ha'niorrhMgica. 

8ki»ti('.kmia  of  (tIIXEA-PIOS. 

(iuiiiea-jiigs  and  nu(^?  soinotiines  die,  of  septicemia,  characterised 
by  coiige.stion  of  the  lungs,  liver,  and  kidneys,  inflamed  i>eritoneum, 
))I(Miral  and  [MM'icanlial  exudation,  congi^sted  spleen,  and  congestion 
of  the  mucous  and  s(m*ouk  (»ats  of  the  intestine.  Klein  isolated 
a  liacrillus  from  the  blcsxl  and  the  internal  organs  in  these  crises. 

Bacillus  of  Septicaemia  in  Guinea-pigs Rods  with  rounded 

«'iid.s,  motile,  with  j)leomorphi(!  foi'ms,  c(K!ci,  short  rods  ami  filaments. 
(■oloni^'S  appcMir  as  small,  circular,  white  dots,  which  enlarge  and 
Is'couie  irregular  in  outline.  In  the  depth  of  gelatine  a  white 
filament  dc^velops,  and  on  the  surface  the  growth  rapidly  spreads 
with  a  crenaU^l  outline.  Broth  IxH^omes  turbid,  and  after  the  second 
ilay  a  co[)iouH  white  sediment  is  dei)osited.  Spore-formation  not 
observed. 


DESCRIPTION    OF    PLATE    VI. 
Bacillus  Munsepticus. 

Fig.  1. — From  a  section  of  a  kidney  of  a  mouse  which  had  died  after  inocula- 
tion with  a  pure-cultivation  of  the  bacillus.  With  moderate  amplification, 
the  white  blood-corpuscles  have  a  granular  appearance,  and  irregular 
granular  masses  are  scattered  between  the  kidney  tubules.  Stained  by 
Gram's  method  with  eosin.     x  200. 

Fig.  2.  —  Tart  of  the  same  preparation  with  high  amplification.  The  granular 
appearances  are  found  to  be  due  to  the  presence  of  great  numbers  of 
extremely  minute  bacilli,      x   IfjOO. 


SEPTICEMIA   OF  MICE, 


Acconliog  to  Wooldridge,  the  chemical  products  of  this  bacilhis, 
sepamtod  by  filtration,  prodtice  on  inoculation  immunity  ugainst 
virulent  bacilli. 

SEPnc£HiA  (jp  Mice. 

Mice  inoculated  with  a  minimum  (junntity  of  putrid  fluid  often 
die  of  BepticKmia.  They  rapidly  sicken,  theii- 
er««  inflame,  their  eyelids  stick  togetlier,  they 
become  soporific,  and  death  occurs  in  Forty  to 
sixty  hours.  There  is  sUght  tedema  at  the  neiit 
of  inoculation,  and  enlargement  of  the  tipleen ; 
the  bacilli  are  found  fi-ee  and  in  the  interior 
of  white  corpuscles,  both  in  the  anlematou.s 
tissue  aud  in  the  blood  capilliiriea. 

BaclUns  of  Bepticsemia  of  Mice  (Koch). 
— Extremely  miimt«  bacilli,  '8  to  I  /i  long,  imd 
■1  to  "2  ^  broad,  and  filaments.  In  ctdtiviitioiii* 
in  gelatine  they  do  not  appeitr  to  miike  threud^i, 
but  the  bacilli  lie  bother  in  miiBi«e».  HporeA 
have  beeii  observed.  The  bacilli  are  probably 
non-motile.  They  are  most  commonly  in  the 
interior  of  white  bluod  corpuscles.  In  tJiese 
they  increase,  and  in  many  cases  a  white  blooil 
cell  is  represented  only  by  ii  mass  of  bacilli. 

A  minimal  quantity  of  blood  containing  tbe 
bacilli  produces  the  disease  it  inoculated  in 
house-mice  or  sparrows.  Field-mice  have  an 
immunity.  Itabbibt  and  guinea-pigs  inocuiiit«il 
in  the  ear  aufi'er  only  from  a  local  erythemii, 
which  disappears  after  five  or  six  days,  and 
renders  them  for  a  time  immune.  Kabbits 
inoculated  in  the  cornea  suffer  from  an  intense 
inflammation  of  the  eyes.  The  bacilli  form  in 
plat«- cultivations  scarcely  perceptible  clou<l-Uke 
speckf),  and  in  a  test-tube  of  nutrient  gelatine  the}'  form  a  dehcately 
clouded  cultivation  along  the  needle  track. 

An  identical  bacillus  has  been  isolated  in  swine  measles. 


jCHAPTER  XVT. 

SEPTICiEMIA  OF  BUFFALOES. — SEPTIC  PLEURO-PNEUMOSIA  OF 
CALVES. — SWINE  FEVER. —SEPTICiEMIA  OF  DEER.— SEPTIC-fiBIU 
OF  RABBITS.  —  FOWL  CHOLERA.  —  FOWL  ENTERITIS.  —  DUCK 
CHOLERA. — GROUSE   DISEASE. 

There  are  several  varieties  of  septicsemia  occurring  naturally  in 
buffaloes,  deer,  calves,  and  birds,  and  artifidallj  induced  by  inocula- 
tion of  rabbits  with  septic  material.  They  are  associated  with 
bacteria  which  agree  in  their  morphological  and  cultural  characters, 
though  in  some  cases  differing  in  their  pathogenic  properties.  As 
the  differences  between  the  bacteria  cultivated  from  these  different 
sources  is  not  greater  than  the  differences  which  exist  between 
the  morphological,  biological,  and  pathogenic  effects  of  varieties  of 
the  tubercle  bacillus,  it  will  be  convenient  and  fuUy  justifiable  to 
follow  llueppe  and  Baumgarten,  and  regard  them  as  varieties  of 
the  bacillus  of  hcumorrhagic  sejyiicasmia. 

Epidemic  Disease  of  Buffaloes. 

Oreste  and  Armanni  investigated  an  epidemic  among  herds  of 
young  buffaloes  in  Italy  {Biiffel-sevAihe),  The  disease  was  extremely 
acute,  death  occurring  in  from  twelve  to  twenty-four  hours.  It  was 
probably  identical  with  an  epidemic  disease  described  by  Bollinger  in 
deer.  The  symptoms  were  fever,  rapid  pulse,  discharge  of  mucus 
from  the  nose  and  mouth,  and  a  local  swelling  of  the  head  and  face 
leading  to  suffocation.  The  only  marked  feature  after  death  was 
hsemorrhagic  inflammation  of  the  small  intestine. 

The  bacilli  were  identical  with  those  found  by  Schiitz  in  swine 
fever.  Cultures  inoculated  in  young  buffaloes  produced  the  disease. 
The  bacilli  were  pathogenic  to  mice,  guinea-pigs,  rabbits,  pigeons, 
and  fowls,  death  taking  place  in  from  one  to  three  days. 
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Septic  Pleuro-pneumonia  in  Calves. 

Septic  pleuro-pneumonia  is  a  disease  which  attacks  young  calves 
within  the  first  two  months  after  their  birth.  Percussion  and 
auscultation  reveal  lung  mischief.  The  disease  is  very  rapid  and 
fatal,  death  occurring  on  the  second  or  third  day.  In  the  less 
acute  cases  one  or  more  lobes  of  the  lungs  are  found  after  death 
in  a  state  of  lobular  and  inter-lobular  pneumonia.  The  inter-lobular 
connective  tissue  is  distended  with  exudation,  giving  rise  to  white 
or  yellowish  bands  between  the  inflamed  lobules,  which  produce  a 
marbled  appearance,  recalling  the  condition  of  the  lungs  in  infectious 
pleuro-pneumonia.  The  internal  organs  are  congested,  and  there 
are  very  often  hsemorrhagic  spots  on  the  mucous  and  serous  coats 
of  the  small  intestine.  All  the  organs  contain  rods  identical  with 
those  of  septicaemia  of  rabbits.  Babbits,  guinea-pigs,  and  mice  were 
infected.  A  calf  was  injected  in  the  pleural  cavity  with  a  broth- 
culture,  and  died  in  twenty  hours. 

SwiNB  Fever. 

.  This  disease  will  be  described  in  a  separate  chapter.  Several 
bacteria  have  been  isolated  by  different  investigators.  In  swine 
fever  in  Germany  {Schwein-seuche)  Loffler  and  Schiitz  isolated  a 
bacillus  which  has  been  identified  with  the  bacillus  isolated  by 
Salmon  and  Smith  from  hog-cholera  in  America,  and  with  the 
bacillus  of  rabbit  septicaemia  and  of  fowl  cholera. 

Epidemic  Disease  of  Deer  and  Boars. 

A  very  fatal  epizootic  (Wildseuche)  occurred  in  the  royal  game 
preserves  near  Munich,  destroying  one  hundred  and  fifty-three  deer 
and  two  hundred  and  thirty-four  boars  (Bollinger).  The  disease 
lasted  from  twelve  hours  to  six  days.  In  the  less  acute  cases  pneu- 
monia and  pericarditis  supervened.  In  cattle  there  was  also  severe 
haemorrhagic  inflammation  of  the  small  intestine.  In  another  form 
it  produced  swelling  of  the  head,  face,  neck,  and  tongue.  The 
virus  proved  fatal  to  rabbits  in  six  to  eight  hours,  and  to  sheep  and 
goats  in  about  thirty  hours.  A  pig  inoculated  with  a  few  drops  of 
blood  died  in  twenty-two  hours.  Klitt  also  investigated  this  malady. 
The  bacteria  were  found  to  be  identical,  in  their  appearance  and 
pathogenic  properties,  with  extremely  virulent  bacteria  from  swine 
fever.  Schiitz  distinguished  them  from  the  bacteria  obtained  from 
swine  fever  by  their  pathogenic  effect  on  pigeons,  but  cultures 
obtained  from  swine  fever  do  not  act  uniformly  in  this  respect. 
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Septicemia  in  Rabbits. 

Kocb  minutely  investigated  a  disease  of  rabbits  produced 
by  inoculation  with  impure  river  water  and  with  putrid  meat 
infusion.  Bacteria  are  found  in  the  blood  in  abundance,  and  may 
be  readily  cultivated. 

The  smallest  quantity  inoculated  subcutaneously  or  in  the  cornea 

of  a  rabbit  produces  a  rise  of  tempera- 


'  it 


£t^     ^'0  ^  -  ^"'^  *^^  laboured  breathing  after  ten 

&•  '  '  \^  &^  to  twelve  hours,  and  death  in  sixteen 

r  ^  /i0p    ^  to    twenty    hours.      The    spleen    and 

lymphatic    glands    are    found    to   be 

Fig.  107.-BACTERIUM  of  Rabbit  enlarged,    and    the    lungs    congested, 
SBpnc.ufiA;  Blood  OF  Spar-  ,        ,  .  , 

ROW,  X  700  (Koch).  ""*  there  are  no  extravasations,  and  no 

peritonitis.     Mice  and  birds  are  very 
susceptible ;    guinea-pigs  and  white  rats  have  an  immunity. 

Davaine's  Septicemia. 

A  disease  was  produced  by  Davaine  by  injecting  rabbits  with 
putrid  blood.  Rabbits,  mice,  fowls,  pigeons,  and  sparrows  are  sus- 
ceptible, and  guinea-pigs  and  rats  are  insusceptible  to  the  bacteria 
found  in  this  disease.  Rabbits  inoculated  with  a  trace  of  blood  con- 
taining the  bacteria,  or  with  a  culture,  died  in  from  twenty- four  to 
thirty-six  hours.  The  spleen,  liver,  lungs,  and  intestines  are  highly 
congested,  and  sometimes  extravasations  and  peritonitis  are  found. 

Fowl  Cholera. 

Fowl  cholera  is  an  epidemic  disease  of  the  poultry -yard  much 
dreaded  in  France,  and  well  known  through  the  researches  of 
Perroncito,  Toussaint,  Pasteur,  and  Kitt. 


•  Vj 


„       ^  ^     ^  ,^  Fk;.  109.— Bacterium    of   Fowl 

^''':^'Z^'''^^'\'' ?^  ^T"-  ^^^^'^^^^^  Cholera,  x  2^500.  Mu«cle  juice 

X   1200.    From  blood  of  inoculated  Fowl.  r  YovfX 

Fowls  suffering  from  the  disease  usually  die  in  from  twenty-four 
to  forty-eight  hours.     The  disetise  shows  itself  by  the  fowls  l>ecomiug 
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somnolent.  They  suffer  from  weakness  of  the  legs,  and  their  wings 
trail  There  is  frequently  diarrhtea,  with  slimy  greenish  evacuations, 
and  death  usually  ensues  after  a  slight  convulsive  attack.  On 
making  a  post-mortem  examination  the  viticera  will  be  found  to  be 
coDgested,  and  there  is  intonse  inflammation  of  the  mucous  membrane 
of  the  intestine,  with  hiemorrhages. 

The  blood  from  the  heart,  and  the  intestinal  cmitents,  contain 
the  bacilli  which  were  at  one  time  believed  to  he  peculiar  to 
this  disease.  Inoculation  subcutaneously,  or  admioistration  with 
food,  of  a  Bmall  quantity  of  a  bi'oth  cultivation  will  produce  death 
in  twenty-four  to  thirty-six  hours.     Pigeons,  pheasants,  sparrows. 


rabbite,  and  mice  are  susceptible.  In  guinea-pigs,  sheep,  and  horses, 
ait  absceas  develops  at  the  seat  of  inoculation.  Rabbits  ai-e  readily 
Infected  by  sprinkling  a  broth-cultivation  on  cabbage  leaves  or  any 
suitable  food.  It  was  with  this  microbe  that  Fasteur  propa-ied  to 
eradicate  the  plague  of  rabbita  in  Australia. 

Fowl  cholera  has  an  additional  iuterest,  as  it  was  with  this 
disease  that  Pasteur  first  investigated  the  attenuation  of  virua. 
Broth -cultures  which  were  aeveral  months  old  were  found,  when 
injected,  to  produce  apparently  only  a  local  effect.  This  weakening 
of  ^e  virus  was  attributed  by  Pasteur  to  exposure  to  oxygen. 
After  recovery  the  fowls  were  protected  against  the  action  of 
virulent  cultures,  while  fowls  not  immunised  died  the  following  day. 
Kitt,  by  workiDg  with  pure-cultures  on  solid  media,  showed  that  the 
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weakening  was  not  due  to  prolonged  exposure  to  oxygen,  but  that 
old  contaminated  broth -cultures  after  a  time  completely  lost  their 
power,  owing  to  the  antagonism  of  the  bacteria  accidentally  present. 
Filtered  broth-cultures  contain  the  toxic  products  of  the  badllos, 
and  produce  slight  illness  and  subsequent  immunity. 

Fowl  Enteritis. 

Fowl  enteritis  is  an  acute  infectious  disease  of  fowls,  the  oourne 
and  symptoms  of  which  are  regarded  by  Klein  as  distinct  from  fowl 
cholera.  The  fowls  suffer  from  diarrhoea,  with  liquid  greenish 
evacuations,  but  are  never  somnolent,  and  death  occurs  in  one  or 
two  days.  After  death  the  mucous  membrane  of  the  intestine  is 
found  to  be  congested,  and  coated  with  grey  or  yellowish  mucus; 
the  liver  is  congested,  spleen  enlarged,  and  lungs  normal.  There  are 
a  few  bacilli  in  the  blood  of  the  heart,  very  many  in  the  spleen  and 
liver,  and  they  are  in  the  form  of  a  pure-culture  in  the  mucus  of 
the  intestine.  Klein  says  that  the  bacilli  are  a  little  longer  and 
thicker  than  those  found  in  fowl  cholera,  which  they  only  slightly 
resemble,  and  that  the  course  of  the  disease,  the  symptoms  and 
pathological  appearances,  definitely  distinguish  it  from  fowl  cholera, 
but  that  nevertheless  it  belongs  to  the  same  family  of  bacilli 
Pigeons  are  said  to  be  insusceptible,  rabbits  only  slightly  susceptible. 
By  feeding  and  by  subcutaneous  inoculation  the  disease  can  be 
communicated  to  healthy  fowls,  but  there  is  no  sign  of  iUness  until 
the  fourth  day.  As  regards  attenuation,  the  bacilli  behave  like 
those  from  cases  of  fowl  cholera. 

Duck  Cholera. 

Duck  cholera  is  an  epidemic  disease  of  ducks  which  was  investi- 
gated by  Cornil.  The  t^ymptoms  are  similar  to  those  of  fowl  cholera. 
They  suffer  from  diarrhoea  and  weakness,  followed  by  death  in  two 
or  three  days. 

The  bacillus  cultivated  from  the  blood  of  ducks  is  pathogenic  in 
ducks  but  not  in  fowls  or  pigeons,  and  large  doses  are  required  to 
kill  rabbits. 

Grouse  Disease. 

Grouse  disease  is  an  acute  infectious  disease  of  red  grouse. 
According  to  Klein  the  chief  pathological  feature  is  severe  pneu- 
monia ;  there  is  also  patchy  redness  of  the  serous  and  mucous  linings 
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of  the  intestine,  and  the  liver  is  congested  and  dnrk,  but  the  spleen 
is  not  enlarged.  The  bacilli  are  found  in  the  heart,  lungs,  and  liver, 
and  in  the  extravasated  blood. 

Cultures  inoculated  in  mice  and  -    -      y    --.-■ 

guinea-pigfi  produce  pneumonia  '"      .'-       '  ■'-.    -,' 

and  death.     Sparrows  are  sus-  .';       ■^■',  , .. , 

ceptible,  and  othei-  small  birds.  -  \  ' ", 

Fowls,  pigeons,  and  rabbits  are  ' '  .    ' ' "  - "   ' 

insusceptible. 

Bacillna  of  Hsemor- 
rhagio  Septicnmia — Yery 
shmrt  rodH,  with  rounded  ends, 
"6  to  ■?  ^  in  width  and  1'4  n  in 
length. 


FiQ.  IIL— Bacillus  or  H«mohhhaoio 
Skftic£U[A.  Blood  o[  a  Rabbit  after 
death  from  Septicemia  x  950  (Baum- 
gaktek). 


In  stained  preparations  the  rods 
e  observed  to  be  deeply  stained  at  the 
ends  and  to  have  a  clear  interval  in  the 
middle;  they  were  on  this  account  mis- 
taken by  earlier  observers  for  dumb-bell 
micrococci  or  diplococ-ci.  They  are  non- 
motile,  and  spore- formation  is  unknown. 
They  grow  readily  in  the  ordinary  media. 
The  colonies  in  nutrient  gelatine  appear 
-  about  the  third  day.  They  are  circular 
in  form,  with  a  sharp  dark  outline,  and 
of  a  yellow  colour,  lighter  at  the  peri- 
phery. Later,  the  central  zone  is  finely 
granular,  and  of  a  dark  yellowish -brown 
colour,  with  the  lighter  peripheral  zone 
more  clearly  defined.  In  the  depth  of 
gelatine  a  dehcate  filament  develops  in 
the  track  of  the  needle,  composed  of 
minute  spherical  colonies,  somewhat  tranR- 
parent,  and  yellowish -white  in  colour. 
At  the  point  of  puncture  there  may  be  no 
growth  visible,  or  a  fiat  and  very  limited 
growth.  Inoculated  on  the  surface  of 
nutrient  media  a  thin  layer  develops, 
with  an  irregular  serrated  and  thickened 
border.  On  potato  different  results  have 
been  obtained  by  different  observers.  Some  maintain  that  a 
greyish-white  or  yellowish  film  will  develop  at  the  temperature  of 
th6  blood  ;  but  according  to  Caneva,  the  bacilli,  whatever  their  source. 


Flo.     112.  —  Bacillus    of 

HXHORHHAOIC  SBPTIOJKHIA 

(Rabbit  Septicemia).  Pure- 
ooltnre  in  Grelatine  after 
four  days  (BADuaABTEH. ) 
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will  not  grow  on  potato,  while  Biinzl-Fedem  maintains  that  the 
bacilli  from  fowl  cholera  and  rabbit  septicaemia  do  grow  upon  potato, 
but  those  from  septicaemia  in  deer,  buffaloen,  and  swine  do  not. 
Opinions  differ  with  regard  to  their  action  on  milk.  The  reaction 
for  phenol  and  indol  ia  given  in  all  cases,  except  with  cultiu*e8 
obtained  from  septicaemia  of  buffaloes.  The  virulence  of  the  bacilli 
may  be  diminished  and  attenuated,  but  it  may  subsequently  be 
restored  by  successive  incxeulation  in  animals.  The  pathological 
lesions  vary  in  different  animals.  The  most  common  result  is  con- 
gestion of  the  internal  organs  and  hsemorrhage.  The  bacilli  culti- 
vated from  cattle  or  deer  produce  fatal  results  when  inoculated 
in  swine.  The  bacilli  from  any  of  these  sources  inoculated  in 
pigeons  will  produce  fowl  cholera,  but  the  bacilli  isolated  by  Schtitz 
from  swine,  and  those  from  deer,  are  not  fatal  to  fowls.  Further, 
the  bacilli  cultivated  from  swine  fever  are  fatal  to  guinea-pigb, 
while  the  bacilli  from  rabbit  septicaemia  have  very  little  effect  upon 
them.  The  bacilli  have  \yeen  found  in  association  with  diseases  of 
cattle,  swine,  deer,  birds,  rabbits,  and  mice,  and  have  been  cultivated 
from  healthy  mucous  membrane.  Veranus  Moore  found  the  bacilli 
in  the  mucus  from  the  upi>er  air  passages,  of  71  per  cent,  of  cattle, 
85  per  cent,  of  cats,  and  33  |)er  cent,  of  dogs.  From  these  sources 
inoculations  were  made  in  rabbits,  and  rapidly  fatal  septictemia 
was  product,  associated  in  less  acute  c<ises  with  peritonitis,  pleurisy, 
and  pericarditis. 


CHAPTER  XVII. 

PNEUMONIA. — ^INFECTIOUS   PLEURO-PNEUMONIA    OF    CATTLE. — 

INFLUENZA. 

Acute  Croupous  Pneumonia. 

Pneumonia  is  an  acute  inflammation  of  the  lungs  with  fibnnous 
infiltration  of  the  air  vesicles  and  interstitial  tissue.  There  are 
varieties  of  pneumonia,  and  one  form  is  commonly  believed  to  be 
infectious. 

The  lung  passes  through  three  stages — engorgement,  red  hepati- 
sation,  and  grey  hepatisation.  In  the  first  stage  the  lung  is  of 
a  deep  red  colour,  but  still  vesicular ;  in  the  second  stage  the 
affected  part  is  more  or  less  solid,  and  has  the  consistency  of  liver* 
owing  to  the  fibrinous  lymph  which  is  poured  out  into  the  alveolai* 
cavities.  In  the  grey  hepatisation,  the  exudation  contains  more 
leaoocjrtes  and  less  fibrin,  and  thi^  is  followed  by  the  stage  of 
suppurative  softening  and  final  absorption.  The  sputum  at  the 
commencement  of  the  disease  is  rusty,  from  the  presence  of  blood, 
and  later  on  has  the  appearance  of  prune  juice.  Examination  of 
the  sputum  by  Gram's  method  will  reveal  numerous  micro-organisms, 
and  two  of  these  are  deserving  of  special  study — the  pneumococcus 
of  Eriedlander,  which  is  present  in  a  considerable  proportion  of 
cases,  and  Sternberg's  micrococcus,  which  was  found  in  sputum  by 
Talamon. 

In  1888,  there  was  considerable  prevalence  of  pneumonia  in 
Middlesbrough,  with  strong  tendency  to  occur  in  groups  of  cases; 
but  there  was  admittedly  room  for  doubt  whether  the  clinical 
and  post-mortem  appearances  were  not  identical  with  ordinary 
pnetunoDia.  Dr.  Ballard  maintained  that  there  were  facts  and 
eonudderatioiis  which  appeared  to  show  that  the  disease  was  com- 
nmnioabie  from  the  sick  to  the  healthy,  and  that  it  was  a  specific 
febrile  diseaaey  and  Klein  isolated  and  described  the  micrococcus 
present  in  these  cases. 

Bsflterinm   FnenmonisB    CroapossB    (Pneumococcus,  Fried- 
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Flu.  113.— Bactekium  Fnel'Monix 
Croupohx,  rttoM  I'lsuha 
or  A  MouHK,  x  1600.  A,  B. 
TbrMd.formB.  C,  D,  E.  Short 
rud-fomiH.  G.  Dipluoocci.  H. 
CoocL      I.  StKptouocci.    (Zopf.) 


ISwder).— Cocci  ellipsoidal  and  rovind,  singly,  or  in  pairs  (diplooocci), 
rods  and  thread-forma.  The  ceil- 
membrane  thickens,  and  develops 
into  a  gelatinous  capsule,  vbich  is 
round  if  the  coccus  is  single,  and 
ellipsoidal  if  the  cocci  occur  in  paira 
or  in  rod-forms.  Cultivated  in  k 
t«8t-tube  of  nutrient  gelatine  they 
grow  in  the  form  of  a  roiind- 
headed  nail,  without  liquefHction 
of  the  gelatine  (Fig.  lU).  The 
cocci  when  artificially  cultivated 
have  no  capsule,  but  it  again 
appears  after  their  iajection  into 

.   alM>  be 

on  blooil  xenim  and  on  boiled  ]>otHto»«i. 
They  occur  in  pneumonic  exudation.  In- 
oculation of  dogH  with  a  cultivation  of  the 
cocci  occHMioniilly  gave  jiositive  rehulb^;  but 
in  rabbit-s  no  reHultit  followed.  Guinea- 
pigs  proved  to  be  MUiicejitible  In  same  chkcs  ; 
lint  thirty-twii  mice,  uft«r  injection  of  a 
cultiviitioii  <lilTuHod  in  Ktorilitteil  wnter,  iuti> 
the  lungH,  <litHi  without  (-xci-ptiou.  The 
lungM  were  reil  imd  wilid,  and  rontiiineil  the 
cocci,  which  were  iiIho  present  in  tliii  I)1inn1, 
and  in  enorniouH  iitiiiilwi'H  in  the  ]ileunil 
exiuhktion.  Inhiiliitiiiu  ex|)ei'i)iieiitti  by  Hpriiy- 
ing  the  cotci  ditTuwit  in  water  into  mouse 
CHget)  prixluceil  jineumunia  and  pleurisy  iri 
three  out  of  ten  mice. 

The  lutil-.sliiiped  cultiviition  is  not  alwayH 
|iro<luceil,  nur  are  these  oniclusiuus  accepted 
by  all  invest  igat()rR. 


K^ 


METHODrt  in-  STAINIMi   KRIEIILANDERH 


Flli,  114.- 

Fkeuhococcdb.  Putb- 
culture  in  nutrient- 
grlktine  foor  dtyt  old 
{B, 


CoveT-gla«H  preparations  of  pneumonic  sputuc 
treated  as  follows  :— > 
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(a)  Stain  by  the  method  of  Gram,  and  after-stain  with  eosin. 

(6)  Treat  with  acetic  acid,  then  stain  with  gentian-yiolet  or  Bismarck- 
brown.  Examine  in  distilled  water,  or  dry  and  preserve  in  Canada 
balsam. 

(o)  Float  them  on  weak  solutions  of  the  aniline  dyes  twenty-four 
hours  ;  differentiation  between  coccus  and  capsule  is  thus  obtained. 

{d)  Stain  with  oemic  acid  ;  the  contour  of  the  capsules  is  brought 
oat. 


1 
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FiQ.  115.— Capsvle-oooci  from  Pniumonia,  X  1600  (Baumoartbn). 

Sections  of  pneumonic  lung  should  be  stained  by — 

(a)  Method  of  Gram. 

(b)  Method  of  Friedl&nder.  This  method  is  employed  to  demonstrate 
the  capsules  in  tissue  sections.  It  consists  in  placing  the  sections  twenty- 
four  hours  in  the  following  solution  : — 

Fuchsine 1 

Distilled  water 100 

Alcohol    ........  5 

Glacial  acetic  acid 2 

They  are  then  rinsed  with  alcohol,  transferred  for  a  couple  of  minutes 
to  a  2  per  cent,  solution  of  acetic  acid,  and  treated  with  alcohol  and  oil 
of  doves  in  the  usual  way,  and  preserved  in  Canada  balsam. 

Sternberg's  microooocus  was  first  found  in  the  blood  of  rabbits 
inoculated  with  saliva.  Three  months  afterwards,  Pasteur  encoun- 
tered the  same  organism  in  rabbits  inoculated  with  the  blood  of  a 
child  suffering  from  rabies.  The  same  organism  in  1883  was  found 
by  Talamon  in  pneumonic  sputum.  It  was  identified  by  Sternberg. 
Two  years  afterwards  further  observations  were  made  by  Frankel, 
Qamaleia,  and  others.  It  has  also  been  found  in  purulent  meningitis 
by  Netter,  and  by  Monti  in  cerebro-spinal  meningitis,  by  Weichsel- 
baum  in  ulcerative  endocarditis,  and  by  others  in  acute  abscess  of 
the  middle  ear,  and  in  purulent  inflammation  of  the  joints  following 
pneumonia. 
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Sternberg's  Hioroooocua.  {Microbe  i^  vdive,  Pusteiir ;  Mien- 
luecim  I'tisteiiri,  StcriibiTg ;  Latuxt-a/inpal  laicrocoeeus,  Th]iiiiic«  ; 
Slrt/iUii-oeewM  limcaAUus  I'luteuri,  (.iiciiiilpiii ;  DijiloeoecHS  jnmi' 
iiwnia,  Wi^ichtH-Dxiiiiii  ;  liaeiUim  m/itiotu  npuliyeniu,  Flii^e ; 
Micfoeoeetu  of  k/iiUuiu  aepliannia,  Fi-tiiiki-l.)  HpliBriciil  or  «val 
(iw^i,  Kingly,  ill  imii-M  in-  in  cliuiiiN,  often  IniicetilAte  mid  cii^wiileU. 
.Stain  iiMiiIilv  with  tlin  iiiiiliii«  dilDiirx  (inil  by  Onim'H  mctlioil ; 
iKiii-iiiiitilt'.  'I'licy  flimriali  in  alkiilinc  iiutliii  in  tlic  iuculnttor.  In 
Lnrtli  tlipy  jnficliHi^  in  twolvo  lioiifs  »  L'li>ii<Uiieifl  due  to  tlie  devfl<)|>- 
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mi-iit  of  cocci  imil  iihort  cIiniiM.  Aftur  ii  tiuiu  X\v!**:  Kufafide  to 
tht>  Uittom  of  tli(!  tiibo,  ttiul  tlio  lii]uiil  iibove  becoineK  clear.  lu 
|)]iite-ciiltivatioiiH  the  c^Junies  mti  ttmnll,  ciroular,  white,  iiiid  graiiuhtr. 
In  the  ileptli  of  geUtine,  minute  white  colonieH  Jevelo[i  nlong  the 
track  of  tho  needle  without  Uqiiefactioii  of  the  gelatine  \  anil  on 
the  dlopiiig  surface  of  nutrient  agar  or  blood  serum  miiint«  trani*- 
[«reat  dropt  ^>pear  along  the  line  of  inocuhition.  They  grow  in 
>d;  tnit  they  do  not  grow  on  potuto.  Buh- 
^Ana  Timlance,  but  regain  it  by  inoculation. 
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The  iitjectitm  of  a  minute  quantity  (-2  cc.)  of  a  vinilpot  ciiltui-e 
snhciitanemisly  provee  fatal  to  mice  and  rabbits  in  from  twenty- 
four  to  forty-eight  hoiint.  Immetliately  afterwards  there  is  a  rise  of 
temperature  of  2°  or  3°  C,  hiter  it  fnlls,  and  juRt  before  deatji 
it  Ib  several  degrees  1)elow  normal.  After  death,  the  post-mortem 
appearances  of  septicaemia  are  obKerveil,  in  addition  tu  diffuse 
inflnmmiitory  cedema  extending  in  all  (Ureetions  from  the  point  of 
injection.  The  subcutaneons  connective  tisstio  contains  sanguineous 
serum  and  micrococci  in  .ibundanee.     The  liver  and  spleen  are  sonie- 


timee  dark  and  engorged,  and  blood  from  the  heart  and  internnl 
orgam  teems  with  micrococci. 

There  ia  no  intiicatioa  of  pneumonia  after  suht-utaneous  inoculn- 
tioo,  but  intra-pulmonary  injections  produce  fibrinous  pneunioniu, 
often  fatal  (Talamon,  Oamaleia).  The  result  Ls  usually  fiitul  in 
labbits  and  sheep,  but  dogs,  as  a  rule,  recover.  Injection  of  cultures 
into  the  trachea  of  rabbits  is  said  to  induce  tvpicul  pneuinoniii 
(Monti). 

g  concludes  that  this  micrococcus  is  the  cause  td  aeuti- 

•  pnenmonia,  but  the  micrococcus  is  undoubtedly  iisaocinted 

b  widelj  different  pathological  processes,  and  the  possibility  of  its 

ig  a  i»pr(^yte,  which  finds  iu  pneumonia  a  suitable  soil  for  its 

,   must- not  be  overlooked. 
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Klein's  mcroooccas.— Klein  foond  in  pnaamonic  £^tiuu  a 
^lipkforjoetui  which  docK  not  appear  to  differ  from  Stemherg's  micra- 
ooccuff.  In  cover 'gbitf  prepurations  the  hacilli  are  surroonded  with 
a  lialo,  but  no  definite  capsule,  aa  in  Friedlander's  ooocusw  They 
appear  as  ahort  rods  constricted  in  the  centre,  or  dumb-bell  forma, 
and  formii  intermediate  Ijetween  cocci  and  bacillL  In  gelatine,  after 
two  or  three  dayii,  greyiah- white  Kpota  appear,  which  enlarge  in  the 
next  two  or  three  daya  into  flat,  translucent,  grejish- white  plaques, 
with  irregular  serrated  outline.  Colonies  beneath  the  aurface  are 
spherical,  and  of  a  brownL^h -yellow  colour.  In  te$>t- tubes  in  the 
dei>th  of  the  gelatine  a  whitish-brown  filament  develops  on  incuba- 
tion, c'omijose'l  of  minute  spherical  colonies,  and  on  the  surface  the 
growth  spreadft  out  into  a  greyish-white  film  with  serrated  niar^n. 
On  the  surface  of  obliquely  solidified  gelatine  the  growth  forms  a 
tliiu  whitish  film,  which  enlarges  in  breadth  with  irregular  outline, 
reaching  its  maximum  in  about  a  fortnight.  The  growth  on  agar 
Ib  very  similar.  Brr>th  becomes  uniformly  turbid  in  twenty-four 
hount,  then  a  powdery  precipitate  makes  its  appearance.  On  potato 
there  in  a  thin,  moist,  faintly  yellowish- brown  film.  Cultures  examined 
in  the  fresh  state  show  many  rods  in  a  resting  stage,  and  others 
actively  motile.  In  a^ldition  to  the  dumb-bell  forms  there  are  othen 
of  greater  length,  and  in  old  cultures  involuted  and  degenerated 
forms.  Spore- formation  has  not  been  observed.  A  broth-eulture 
inoculated  into  two  rabbits  produced  a  local  tumour  which  subsided 
in  a  week.  Death  ensued  in  one  case  in  eight  days,  and  in  the 
other  in  three  weeks.  There  was  [mrulent  matter  at  the  seat  of 
inoculation  in  one  ;  in  the  other,  pericardial  exudation  and  h}'penemia 
of  the  lungH.  Broth-cultureH  inoculated  intravenously  produced  no 
effect.  In  guinea-pigs  then*  was  swelling  at  the  neat  of  inoculation, 
or  slight  indication  of  disease  and  recovery.  Cultures  inoculated 
in  mire  produced  rapid  breathing,  drowsiness,  and  death  in  from 
twenty-four  to  ninety-six  hours.  The  internal  organs  were  con- 
/^Cfsted,  the  lungs  inflamed,  and  the  blood  and  organs  in  the  inoculated 
animals  contained  the  dipl(x;occi  in  considerable  numbers. 

Foa  isolated  a  coccus  which  he  named  the  Micrococcus  lanceolatus 
<*iipsulatiis.  It  produced  in  small  animals  either  rapid  septicaemia 
jind  deatli,  or  local  (edema  and  death  at  a  later  period. 

Protective  Inoculation. — Immunity  has  been  produced  in 
rabbits  by  the  intravenous  injection  of  the  virus  in  a  diluted  form. 
B]o(n1  obtained  from  immunised  rabbits  was  kept  at  10°  C.  for  twelve 
hours,  and  then  filtered,  and  animals  injected  with  it  acquired 
immunity  against  virulent  cultures  (Emmerich). 
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Filtered  cultwres  uie  saiii  to  confer  immunity  for  six  monthe,  and 
mining  lie  tempertttiire  of  filtered  cultures  iuiireases  tlie  strength  of 
the  anbstnncB  which  gives  iniraunity  (Klemiierer),  Tlie  blood  Herum 
uf  iniunmei  animaU  can  confer  iniuunity  on  other  animals,  and,  it  is 
aaiii,  will  mreat  the  progress  of  the  disease  produced  by  injection 
of  healthy  unimal«  with  virulent  cultures.  The  cultures  contain  a 
{iTDteid  body,  for  which  the  name  pneumo-toxiu  has  been  suggested, 
nnd   nnti-pueiimo' toxin   baa   been   i:»Iiited  from    immunised  bluxl 
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Infectious  pi  euro -pneumonia  Ls  a  highly  infectious  dise&se 
[leciiHiir  to  cattle ;  it  is  cliaraeterised  by  rise  of  temperatui-e  and 
exudation  into  the  langa.  It  is  often  fatal,  and  sometime?  esist«  in 
an  extmmely  chronic  fnnn.  It  is  believed  to  have  been  unknown  in 
England  previously  to  1840,  and  is  SHpjKised  to  have  been  introduced 
from  Holland,  where  in  one  year  it  destroyed  seven  thousand  cjittle. 


Fiu.  118.— AcoTK  Catabbkai.  Pnicuuokia  (Ox|. 

",  Cuc^latvd  miicaa  with  cstatrhBl  cells  (?)  embtdded  in  it :  b.  I'Htttnli&l  oeILs 

eprouting  fium  alvoilar  wall,    x  iSa.    IHaiuiltun.) 

The  disease  cannot  be  conveyed  artificially.  A  living,  diseased 
animal  must  be  the  medium  of  infection.  The  disease  is  apparently 
only  communicated  by  cohabitation.  Brown  injected  large  quanti- 
ties of  lymph  from  diseased  lungs  into  the  jugular  vein,  into  the 
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tuitnie  uf  tli<>  luugK,  uiid  into  tlie  trucliea,  without  uiij  rsiiilt  Dxcppt 
a  small  ulii4ce»i  at  the  seat  of  puucture.  Ail  minis  tratiou  of  the 
virus  liy  th«  uiouth  gave  »i[uiilly  luigiitivo  rettilU.  Tlii'  liiiigs  fruni 
II  re** ntly  kUIeil  iiuiiiml  infected  witli  pleuni-jmnuniitiiiu  were  pla^^if 
in  II  sImmI  (icnnjiinit  liy  beiilthj'  heifenc,  nnil  left  tlient  for  SL^vcrol  ilaw. 
KikIiIci',  titter,  atul  mannm  wore  tnkcn  fmm  places  in  whiirh  tiiertt 
weredi«Hii»ni)c!Attla,  and  placed  inonntikct  with  hcnl thy  cattle,  an(l»n1>- 
nequently  nil  thf>  animals  used  in  tlipsc  oxiKq-imentH  were  slngghbTHl 
and  Parcfiilly  «xnmineil,  and  the  resulla  were  aluoliitely  ne^tive. 
Similarly  negntive  results  foHoweJ  exjieriments  romle  by 


1 
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11,11,  RxiulKtiaii  in  kir-vunirJe^  ixmitnaoit  of  ■  lu-iwiirlc  uf  Gljrinouii  \yiupk  with   J 
KAUnsInt  li-iiiincylM :  b,i,  ilm  Mmn  rnxMititiiii  c,  iho  kir-v^«la  flUed  with    j 
liiunicyt*<>'  luily.     In  the  nwttv  i«  ■  bluinl-vawil  filled  witli  ■  flliriiiowi  ping. 
( Hkiiiiltim. ) 


Hon  and  Dnjcnid,  anil  thus  oDiifli'med  llie  roocIiiMon  nn-ived  at  by 
Brown,  that  the  diseaee  ouiild  only  bo  oommuiiieaied  hy  actual  cotttaot 
of  a  living,  dii^eaited  animal  with  a  healthy  one. 

The  syoiptouiB  uf  the  disease  in  tuttle  are  a  rise  of  temperature  1 
t<)  105°  ur  I(f7°,  nud  ii  pectdiur  dry  urnigh,  and  later  tb«  ukumI 
indicatimis  nf  pneumonia,  difficulty  tii  linwthing,  and  dnlnew  on 
percussion.  Ah  a  rule,  deatb  fnlloWH  fi\>m  exhaustLao ;  but  the  disease 
raay  also  assuine  a  chronic  form,  if  the  animnl  escajies  slanghtei', 
and  the  lung  may  l>ecx>mc  gaiif^Doas  or  tubercular.  The  period  of 
iocnbittion  ia  abimt  thirtv  d«va,  but  it  is  uncertain.     The  lesions  ux    I 


ll  ■- --' 


t„  ^^vo/"**- 


\i. 


:^,^ 


Flo.  ISO.    iMfionoDH  Pleubo-fkbuvoma  or  Catti^x,  ^  iiii 
Fr  Spac«B  in  deep  U;>er  of  pleura  uid  bterlobular  septa  filled  with  libritM 
■_'mph  i  6,  dwp  Inyrr  of  pleiim  nmning  dinvn  tu  an  inltrlolmUr  Btptum ; 
■gr-KBiclnt  fllleil  with  fibriiiui»  lymph ;    tf,  blood-vuBelB  of   nlvmlar  « 
id :    t,    krgie  congested  blood -veaHels ;  fj,    interlobulBr    a 
filtnln]    with   fihriacraa   lymph  V   ;i,    blrxd-vesael   in    inlprlolmlnr  ncptid 
1,  Eoeiu  ftiidFiMtwit'Beolutioii).— H.lJIILTi'.N. 

IG 
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limiteil  almost  entirely  to  the  lungs ;  congestion  is  quickly  followed 
by  inflammation  and  efPiiHion  into  the  air  vesicles  and  the  intra- 
lobular fibrous  tissue  which  is  so  well  marked  in  the  lungs  of  cattle. 
Leucocytes  are  entangled  in  the  fibrinous  lymph,  and  the  intra- 
lobular septa  are  enormously  enlarged,  so  that  the  red  lobules  are 
mapped  out  by  the  paler  septa,  and  produce  on  section  of  the  diseased 
(Mirts  a  very  striking  marbled  appearance.  A  somewhat  similar 
appearance  is  sometimes  observed  in  septic  pleuro-pneumonia  in 
calves.  The  effusion  occurs  also  in  the  air  vesicles.  The  stages 
of  grey  he{>atisation  and  suppurative  softening  have  not,  as  a  rule, 
time  to  develop.  1  Isemorrhagic  infarctions  are  sometimes  produced, 
which  in  turn  become  gangrenous  or  cheesy,  and  a  capsule  may  form 
round  the  diseased  part.  Roy  found  micro-organisms  in  the  lymph, 
but  attached  no  importance  to  them.  Bruylants  and  Yerriet  also 
•(Inscribed  a  micro-organism  in  the  lymph.  Later,  Poels  and  Nolen 
isttlateil  a  micrococcus  resembling  Friedlander's  pneumoooocus. 
Inoculation  in  the  lungs  produced  a  condition  in  cattle  which  they 
considered  iuilicative  of  pleuro-pneumonia. 

Lustig  was  unable  to  ixmfirm  these  observations,  but  succeeded 
in  L^ilating  from  lymph  a  bacillus  and  three  species  of  microoood. 
One  of  tho  microctx>ci  formed  an  orange  growth  when  cultivated, 
and  was  reganled  as  the  8{)eciiic  micro-organism,  as  it  caused  sub- 
cutaneous tumefaction,  and,  it  is  said,  some  degree  of  immunity. 

Brown  cultivated  a  number  of  organisms  which  on  inoculation 
only  produceil  local  irritation.  Intravenous  injection  produced  death 
fixnii  septicaemia  in  one  case  in  thirty-six  hours. 

Arloing  L<olateil  four  liifTereut  organisms,  including  a  bacillus 
which  was  named  Pneumo-lxicillus  litpiefaciens  bovis.  Jjater,  he 
pivjwreil  a  fluitl  from  bnnh -cultures,  pnetimo-bacillinj  which  pro- 
ductnl  a  nu>iv  uiarkeil  ris^'  in  tem(>erature  in  animals  suffering  from 
pUnin»- pneumonia  than  in  heuhhy  animals,  and  its  use  was 
>*^ug^e>ted  as  an  aid  in  diagnoKiLN.  Arloing  named  the  micro- 
organisms pnnisioually  Pneumo-Uioilhis  liipiefaciens  bo^xs,  Pneumo- 
cixx^us  gutta  cerei,  Pneumococcus  lichenoides  and  Piieumococcus 
tlavt>5<vus, 

Fneumo-bacilliis  lignefaciena  bovis.— Short  rods,  n<Hi- 
motile ;  s|K»re-fc»rmatii»n  not  ob>er\"e*L  They  mpidly  litjiiefy  gelatine, 
and  form  i»u  |M.»tato  a  white  Liver,  which  beei»mes  brownish  and 
sometimes  greenish.  Acoi»nlinir  to  ArKnng  pure-cultures  produce 
in  the  ox,  when  inj^te*!  sulvutaneinisly  or  in  the  lung,  the  same 
lesions  which  are  proihioed  by  vinileiit  lymph.  Guinea-pigs  and 
rabbits  are  slightly  susceptible,  ^k^s  aiv  immune. 
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Nocard  does  not  accept  Arloing's  condtisioDs,  and  expresses  the 


I  particulate,  but  is  not  due  to  any  mici-o- 

be  detected   or    uultivated   by    the  methods 

In    the    opinion    oF    the  autlior,  who   hart 

aicro-orgM.iusms    in    pleuro-pneumonia,   it   is 

regard    the    nature    of    the    contagium    as 


opinion  tliat  the  \ 
orgnnism    which 
Ht    present    adopted. 
aho    examined    the    i 
fully    jufitiliHhle 
unknown. 

PreventiTe  Inocnlation. — In  1892  Willems  introduced  inocula- 
tion. The  liqniil  from  the  liingn  of  an  animal  with  pleuro-pneumonia, 
which  had  recently  die<:l,  was  inoculated  in  the  exti'emity  of  the  tail 
by  u,  puncture  with  »,  lancet.  Swelling  occurred  at  the  seut  of  inocu- 
lation, and  on  recovery  the  animals  were  believed  to  be  protected. 
A  Dutch  Commission  reported  that  the  inoculation  gave  a  temporary 
protection.  A  Belgian  Commiarfon  in  the  following  year  reported 
that  the  phenomena  of  inoculation  could  be  produced  several  times 
in  succession  in  the  same  auimH.1,  and  that  it  was  not  a  certain 
preventive.  A  French  Commission  in  1854  concluded  that  a  power 
of  resisting  infection  was  given,  but  the  period  was  undetermined. 
Protective  inoculation  continued  to  be  employed,  and  various  modi- 
fications of  the  method  were  introduced.  Threads  soaked  in  lymph 
were  inoculated,  or  the  lymph  tsubcutaneously  or  intravenously 
injected. 

The  usual  result  of  the  inoculation  is  swelling  and,  in  about  ten 
or  fourteen  days,  effusion  of  straw-coloured  fluid,  which  is  occasion- 
a.lly  blood-stained.  Gangrene  may  follow,  involving  amputation  of 
the  tail.  Oermont  and  Loire  in  Queensland  adopted  the  method-^ 
which  was  suggested  by  Pasteur — of  inoculating  calves  in  the  loose 
cellular  tissue  behind  tlie  shoulder.  Tliis  producen  luteuse  oeilema 
and  a  quantity  of  lymph.  There  has  been  much  controversy  with 
regard  t-o  the  value  of  protective  inoculation. 

Stamping- out  87&tflm.^Brown  maintains  that  pleuro- 
pneumonia, can  be  exterminated  only  by  slaughter  of  the  diseased 
aiumals,  and  ipiotes  the  results  experienced  in  the  Ketherlands  in 
support  of  his  views. 

In  1871  slaughter  for  pleuro-pneumonia  was  commenced  in  the 
Netherlands.  There  were  6,000  cattle  attacked  by  the  disease.  In 
1872  owners  were  compelled  to  slaughter  not  only  diseased  c-attle, 
but  thoxe  which  had  been  in  coubict  with  them,  uidess  inocidated, 
sad  the  attacks  were,  in  conseiiuence,  reduced  to  4,000.  In  1873  it 
was  forbidden  to  move  cattle  out  of  infected  districts,  and  the  attacks 
were  reduced  to  2,479.  In  1876  slaughter  of  the  whole  herd  was 
decreed,  and  during  the  first  year  of  this  heroic  system  the  cases  fell 
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from  2,227  in  1875,  to  1,723  in  1876,  to  951  in  1877,  to  698  in 
1878,  to  157  in  1879,  and  to  48  in  1880. 

In  England  the  Pleuro-pneumonia  Act  came  into  force  on 
September  Ist,  1890.  Notification  was  to  be  given  by  the  owner 
to  a  police  constable  of  the  district,  who  was  required  to  transmit 
the  information  to  the  Local  Authority  and  also  to  the  Board  of 
Agriculture.  An  inspector,  with  the  aid  of  the  veterinary  surgeon, 
arranged  for  the  slaughter  of  the  suspected  animal,  and,  if  the 
disease  proved  to  be  pleuro-pneumonia,  of  the  rest  of  the  herd.  The 
results  are  shown  in  the  following  table  : — 


Tbarh. 

1890 
1891 
1892 
1893 
1894 

Number 

of 

Infooted 

CotmtieB. 

Number       Number 

of                  of 

Fresh            GatUe 

OutbreakA.    Attacked. 

DiMsaed  Cattle. 

Healthy 
GatUebi 

Gaitle 
sUofl^tered 

Killed. 

Died. 

slaughtered.        p,^^ 

,  PneaxDODla. 

1 

36 

27 

10 

4 

2 

465             2,067 

192              778 

35        1       134 
1 
9                30 

2       '         15 

2,022 

778 

134 

30 

16 

37 

11,301 

9,491 

3,477 

1.157 

391 

232 

188 
86 
41 

Thus  the  number  of  cases  was  reduced  from  2,057  in  1890  to 
15  in  1894. 

A  departmental  committee  ap|)ointed  in  1892  to  inquire  into 
pleuro-pneumonia  and  tuberculosis,  came  to  the  following  conclusions 
with  regard  to  pleuro-pneumonia  :  - 

(1)  That  the  system  of  compulsory  slaughter  be  applied  not  only  to 
all  diseased  cattle,  but  also  to  all  cattle  which  have  been  in  association 
with  them,  or  otherwise  in  any  manner  exposed  to  the  infection  of  the 
disease. 

(2)  Compulsory  slaughter  should  be  accompanied  by  supplementary 
measures,  such  as  restrictions  on  the  movement  and  sale  of  cattle  withio^ 
or  coming  from,  infected  districts. 

(3)  Any  exception  to,  or  modification  of,  the  system  of  compulsory 
slaughter,  as  provided  in  the  Slaughter  Order,  1888,  should  only  be 
applicable  to  cattle  in  the  dairy  yards,  byres,  and  cowsheds  of  laige 
towns,  the  owners  or  occupiers  of  which  may  claim  in  writing  the  privi- 
lege of  exemption  for  their  cattle  from  immediate  slaughter,  on  the 
following  conditions  :— 


id:  No  Iwsftii  of  canle  thit  lui  been  brought  into  such  dairy  premise^ 

shall  be  K«BK>v>^i  then^from.  except  for  the  piirixMte  of  immediate- 

alaoghter. 
(6)  In  the  exent  of  an  OQtbKak  of  pleuro-pneumonia,  all  the  diseased 

cattle  «ball  be  slaughtered, 
(r)  All  the  remaining  cattle  on  such  premises  where  an  outbreak  hiis 

occnrred  shall  be  branded,  and  regularly  subjected  to  the  tlier- 

mometer  test :  and  whenever  a  continuous  increase  of  temperature. 

rising  above  104*,  is  shown,  they  shall  be  slaughtered. 
{fi)  No  fresh  cattle  shall  be  admitted  into  such  premises  while  any 

of  the  cattle  thns  branded  remain  alive. 

(4)  Inoculation  cannot  be  recommended  as  a  means  of  eradicating 
plearo-pneumonia,  nor  as  practicable  under  existing  conditions.  Althougli 
it  is  open  to  owners  to  inoculate  their  cattle,  it  should  be  distinctly 
understood  that  that  operation  shall  not  give  them  any  immunity  from 
the  regulations  above  suggested. 

The  order  at  present  in  force  is  the  Pleurr>-Pne-imonia  <!^f-r 
of  1895.  In  addition  to  regulatioiL«  for  th-  moveme:.:  ^f  <^zi'.^, 
for  disposal  of  carcasses,  for  market.-^  a!**!  :r  o  rE.r-r:.ss::  i.  :  -r 
slaughter,  the  Order  contains  the  folIowiLj  rr:r>:-r>  — 


NOTIFlCATIOy. 

(1)  Every  person  having  or  having  hjii  is.  ij»  ;«vm:«:i:ki  ■?  iz-iitr  i;.<* 
charge  a  head  of  cattle  aflected  with  or  «Qj»c«irsei  -z  zitt'Tr-'-i'Zr^init'iiiiL 
fhall  with  all  practicable  speed  give  ni?cce  :c  loe  twr  if  zzmt  :mt:  r  -a.— .t- 
b^Uiig  so  affected  or  suspected  to  x  •xosahui  :r  zit^  z^i,  --  r  r*.-  :  r  v- 
poUoe  area  wherein  the  head  of  cacde  «  Bfin!s»i  t  <4SFc»rrv-:  .-    r 

(2}  The  constable  receiving  sndi  aaa.-e 
the  information  by  telegraph  to  she  B»Mri  if 

(3)  The  constable  shall  also  forsiwm  cr^  zi±'r3ujz,cr,  ■'  ■::>-  -^nz- 
by  him  of  the  notice  tt>  an  Inspaeur  if  -a^  l^-«a.   t  rrr.i  rr —    n. 
forthwith  report  the  same  go  die  LiaaL 


iTTi 


IhUjf  't/  Inmptr^'  x    tr'     1...1..—  .■.--• 


(1)  An  Inspector  of  a  Looi  Aaaurrr?   zi  -- 
whatMxver  iitfnnnatinn  of  die 
or  bavi^gmmii 
sfaaDptoeeed  wish  all 
according  to  dm 

and 
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No  Movement  into  or  out  of  PleurO'pneumonia  Infected  Place  without 

Licence, 

Cattle  shall  not  be  moved  into  or  oat  of  an  Infected  Place  except  with 
a  Movement  Licence  of  an  Inspector  or  officer  of  the  Board ,  and  such 
cattle  shall  not  be  moved  except  in  accordance  with  the  conditions 
contained  in  such  Licence. 

Pleuro-pneummtki  found  in  a  Market,  Railvxiy  Station,  Grazing  Park, 

or  otkei"  like  Place,  or  during  Transit. 

The  Inspector  of  the  Local  Authority  shall  cause  to  be  seized  all  the 
cattle  affected  with  pleuro-pneumonia,  and  also  all  cattle  being  in  or  on 
the  market,  fair,  sale-yard ,  place  of  exhibition,  lair,  landing-place,  wharf, 
railway  station,  common,  uninclosed  land,  farm,  field,  yard,  shed,  park,  or 
other  such  place  as  aforesaid,  and  shall  forthwith  transmit  the  information 
by  telegraph  to  the  Board  of  Agriculture. 

The  Inspector  of  the  Local  Authority  shall  cause  all  such  cattle  so 
seised  to  be  detained  at  the  place  where  they  are  seized,  or  to  be  moved 
to  some  convenient  and  isolated  place  and  there  detained. 

Removal  of  Dung  or  other  Things. 

It  shall  not  be  lawful  for  any  person  to  send  or  carry,  or  cause  to  be 
sent  or  carried,  on  a  railway,  canal,  river,  or  inland  navigation,  or  in  a 
coasting  vessel,  or  on  a  highway  or  thoroughfare,  any  dung,  fodder,  or 
litter  that  has  been  in  an  Infected  Place,  or  that  has  been  in  any  place  in 
contact  with  or  used  about  a  diseased  or  suspected  head  of  cattle,  except 
with  a  Licence  of  an  Inspector  or  officer  of  the  Board  or  of  an  Inspector 
of  the  Local  Authority. 

Report  to  Boitrd  of  Cnttle  that  have  been  in   Contact  irith   Cattle   affected 

with  Pleuro-pneumonia. 

Where  it  appears  to  a  Local  Authority  that  there  is  within  their  District 
any  head  of  cattle  which  has  been  in  the  same  field,  shed,  or  other  place, 
or  in  the  same  herd,  or  otherwise  in  contact,  with  any  head  of  cattle 
affected  with  pleuro-pneumonia,  or  otherwise  exposed  to  the  infection 
thereof,  the  Local  Authority  shall  forthwith  report  the  facts  of  the  case 
to  the  Board  of  Agriculture. 

Disinfection. 

An  Inspector  or  officer  of  the  Board  may  cause  or  require  any  shed  or 
other  place  which  has  been  used  for  a  head  of  cattle  while  affected  with 
or  suspected  of  pleuro-pneumonia,  and  any  utensil,  pen,  hurdle,  or  other 
thing  used  for  or  about  such  head  of  cattle,  to  be  cleansed  and  disinfected 
to  his  satisfaction. 

Occupiers  to  give  Facilities  fm'  Cleafising. 

(1)  The  owner  and  occupier  and  person  in  charge  of  any  shod  or  other 
place  which  has  been  used  for  any  head  of  cattle  while  affected  with  or 
suspected  of  pleuro-pneumonia  shall  give  all  reasonable  facilities  to  an 
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Inspector  or  officer  of  the  Board  for  the  cleansing  and  disinfection  of  such 
place,  and  of  any  utensil?,  pens,  hardies,  or  other  things  used  for  or  about 
such  cattle. 

(2)  Any  person  failing  to  comply  with  the  provisions  of  this  Article 
shall  be  deemed  guilty  of  an  oifence  against  the  Act  of  1894. 

Prohibition  to  Expose  or  Move  Diseased  or  Suspected  Cattle. 
(1)  It  shall  not  be  lawful  for  any  person — 
(a)  To  expose  a  diseased  or  suspected  head  of  cattle  in  a  market  or 

fair,  or  in  a  sale-yard,  or  other  public  or  private  place  where  cattle 

are  commonly  exposed  for  sale  ;  or 
(6)  To  place  a  diseased  or  suspected  head  of  cattle  in  a  lair  or  other 

place  adjacent  to  or  connected  with  a  market  or  a  fair,  or  where 

cattle  are  commonly  placed  before  exposure  for  sale  ;  or 

(c)  To  send  or  carry,  or  cause  to  be  sent  or  carried,  a  diseased  or 
suspected  head  of  cattle  on  a  railway,  canal,  river,  or  inland 
navigation,  or  in  a  coasting  vessel ;  or 

(d)  To  carry,  lead,  or  drive,  or  cause  to  be  carried,  led,  or  driven, 
a  diseased  or  suspected  head  of  cattle  on  a  highway  or  thorough- 
fare :  or 

(e)  To  place  or  keep  a  diseased  or  suspected  head  of  cattle  on  common 
or  unindosed  land,  or  in  a  field  or  place  insufficiently  fenced,  or 
in  a  field  adjoining  a  highway  unless  that  field  is  so  fenced  or 
situate  that  cattle  therein  cannot  in  any  manner  come  in  contact 
with  cattle  passing  along  that  highway  or  grazing  on  the  sides 
thereof  ;  or 

(/)  To  graze  a  diseased  or  suspected  head  of  cattle  on  pasture  being 
on  the  sides  of  a  highway  ;  or 

(if)  To  allow  a  diseased  or  suspected  head  of  cattle  to  stray  on  a 
highway  or  thoroughfare  or  on  the  sides  thereof  or  on  common 
or  unioclosed  land,  or  in  a  field  or  place  insufficiently  fenced. 

Influenza. 

Influenza  is  an  infectious  disease  characterised  by  a  catarrh  of 
the  respiratory  or  the  gastric  mucous  membrane,  accompanied  by 
great  prostration  and  mental  depression,  and  frequently  ending 
fatally  by  pneumonic  complication.  One  attack  is  not  protective. 
The  disease  has  occurred  in  the  form  of  great  epidemics,  like  the 
pandemic  of  1890,  which  is  said  to  have  started  from  Bokhara,  and 
travelled  to  St.  Petersburg,  Berlin,  Paris,  and  London,  whence  it 
spread  all  over  this  country.  The  incubation  period  is  extremely 
short,  only  a  few  hours,  so  that  numbers  are  attacked  almost 
simultaneously.  The  occuiTence  of  cases  in  succession  in  a  family, 
the  importation  of  the  disease  by  an  infected  pei-son,  and  the  escape 
of  persons  in  completely  isolated  localities,  point  to  the  existence 
of  a  living  contagium.     Pfeiffer  claims  to  have  identified  it  i* 
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Ixicilltia  which  was  found  by  him  in  the  puraletit  broDchial  secretion, 
iiiui,  by  Cftuoii,  ill  the  blowl. 

Booillns  of  Influeiua — Very  brihII  rods,  dngly  or  in  leptotbrix 
tilauentH.  They  etain  with  the  Htiiline  dyes,  but  not  by  Gmm'ti 
inethixl.  They  me  non-motile  and  aerobic;  they  do  not  grow  in 
gelatine  iit  the  temperature  of  the  room.  On  giycerine-»gar  very 
HDiall  traiispiirent  ilrup-like  colouiex  develop  in  About  twenty-four 
liourw.  In  bi-oth  there  is  only  ft  very  scanty  growth  of  whitbth 
particles  uu  the  surfnce,  which  subside  and  form  a  woolly  dcpusit. 
Tliey  are  foiutd  eM|iecially  in  the  bronchial  secretion,  and  only  iu 
cases  of  infln<>n7Jt.     Canon  obtained  them  by  puncturing  the  finger, 


anil  allowing  a  fow  <li-oiw  ()f  the  blou<l  to  tall  iii>on  the  siirfuce  of 
glyceiine-agiir  in  n  Pcti-i's  diKh.  The  organism  will  i-etaiii  ite 
vitality  fur  fourteen  days  in  sjnituni,  but  is  (|nickly  detroyed  by 
drying.  It  is  »iiil  that  by  applying  the  budlhis  to  the  nasal 
mucous  membrane  in  nioukeys,  symjitonis  similar  to  inlluen7^  were 
produced. 

Method  of  Stainino. 

To  BtaiQ  the  bacilli  use  Neelsen's  solution  or  LiiiHer's  methylene- 
blue;  or  the  fallowing  method:-  - 

Canon.'*  m«(Aorf.— Spread  the  blood  on  cover- glasses,  allow  them 
to  dry,  immerse  for  five  minutes  in  abtuihite  alcohol,  an<]  stain  in  tJie 
following  solution ; — 
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Aqueous  solution  of  methylene- blue,  strong,  40  parte ;  J  per 
cent,  solution  of  eosin  in  70  per  cent,  alcohol,  20  parts ;  dLstilled 
water,  40  parts. 

Float  the  cover-glasses  from  three  to  six  hours  in  a  capsule 
placed  in  the  incubator  at  37°  C,  wash  with  water,  and  dry  and 
mount  in  balsam.  The  red  corpuscles  will  be  stained  pink,  and 
the  leucocytes,  with  the  bacilli  in  them,  blue. 


Fig.  122.— Bacillus  op  Influenza. 

From  a  cultivation  showing  filaments  composed  of  long  and  short  rods, 

cocci-forms  and  irregiilar  elements,     x  1200. 

Equine  Influenza. 

Equine  influenza,  or  "  pink-eye,"  has  been  noticed  to  be  prevalent 
at  the  same  time  as  epidemics  of  influenza  in  man,  but  there  does 
not  appear  to  be  any  evidence  of  intercommunicability  or  of  any 
relation  between  the  two  diseases. 


CHAPTER  XVIII. 

ORIENTAL  PLAGUE. — RELAPSING   FEVER.— TYPHUS  FEVER. — YELLOW 

FEVER. 

The  Plague. 

The  plague  is  a  highly  infectious  disease,  having  ite  origin  in 
putrefaction  and  filth,  in  tropical  climates.  The  virus  in  its  effects 
resembles  that  of  typhus.  The  period  of  incubation  varies  from  a 
few  hours  to  a  week.  The  disease  produces  high  temperature  and 
decomposition  of  the  blood,  and  dark  hemorrhagic  patches  appear 
on  the  skin,  but  there  is  no  eruption.  Lymphatic  inflammation  and 
buboes  almost  invariably  occur.  The  virus  is  intensified  by  warmth 
and  overcrowding  in  houses,  and  dissipated  by  exposure  to  fresh  air. 

When  the  plague  occurred  in  this  country  it  was  recognised  as  a 
foreign  pestilence  from  the  East,  and  once  imported  it  was  fostered 
and  intensified  in  virulence  wherever  there  was  filth,  putrefaction, 
and  overcrowding.  The  disease,  like  the  small-pox,  was  communicated 
from  one  person  to  another.  If  a  case  occurred  in  a  house  other 
inmates  were  liable  to  suffer  from  the  disease,  while  visitors  to  the 
house  ran  a  similar  but  less  risk.  There  was  a  good  deal  of  variation 
both  in  the  infectivity  of  the  ^drus  an<l  in  the  susceptibility  of 
individuals,  so  that  one  contemporary  writer  remarked  that  "  no 
one  can  account  for  how  it  comes  to  pass  that  some  persons  shall 
receive  the  infection  and  others  not." 

Medical  men  were  credited  with  enjoying  an  extraordinary  degree 

of  immunity,  though  there  wei^e  members  of  the  medical  profession 

who    undoubtedly  died   of   the   plague.      This   tradition   has   been 

supported,  to   a  certain  extent,    by  the   experience  of  the  plague 

in  modern  times.     In  the  epidemic  in  ^gypt,  in  1835,  of  the  ten 

French  physicians  engaged  there,  only  one  died ;  and  while  those 

who  buried   the  victims  of  the  plague  were  liable  to  suffer  from 

it,   and  many  did  so,  yet  the  medical  men  made  more  than  one 

hundred   |x)st-mortem   examinations  without  any  death   resulting. 
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The  clothes  and  coverings  of  the  infected  often  spread  the  disease, 
and  yet  there  are  numerous  examples  of  persons  who  without  having 
adopted  any  method  of  protection  occupied  the  beds  of  plague  patients 
without  contracting  the  malady. 

The  plague  is  transmissible  from  one  country  to  another 
by  sea.  An  infected  ship  becomes  an  infective  centre  as  readily 
as  an  infected  house.  Once  imported,  whether  by  land  or  sea,  tho 
virus  from  infected  persons  or  merchandise  spreads  wherever  the 
environment  is  favo\u*able  for  its  development  and  extension. 

Old  London  afforded  in  every  way  a  suitable  environment  for 
the  plague.  The  situation  of  the  city  was  unhealthy,  and  the  old 
town  ditch  was  a  receptacle  for  all  kinds  of  filth.  The  houses 
projected  over  the  roadway,  and  the  streets  were  saturated  with 
constant  contributions  of  slops  and  of  excrement  from  animals  and 
human  beings.  The  houses  were  often  filthy  and  unventilated,  and 
the  floors  strewn  with  rushes,  which  were  seldom  changed.  Erasmus 
goes  so  far  as  to  say  that  the  rushes  were  piled  the  new  upon  the 
old  for  twenty  years,  and  were  fouled  with  spillings  of  beer, 
fragments  of  fish,  expectoration,  vomit,  excrement,  and  ui-ine. 
Another  very  striking  insanitary  feature  of  Old  London  was  the 
overcrowded  state  of  the  gi^aveyards,  which  was  well  calculated  to 
predispose  to  p(stilence,  if  not  actually  to  produce  it.  Tlie  burials 
were  so  frequent  in  St.  Paul's  Churchyard  that  a  new  grave  could 
scarcely  be  dug  without  bodies  being  exposed  in  all  stages  of 
putrefaction. 

In  1894  the  plague  broke  out  in  China,  with  all  the  symptoms 
of  the  fatal  bubonic  pest  of  Old  London.  The  disease  was  confined 
to  the  poorest  classes  and  the  most  overcrowded  and  most  filthy 
localities.  In  Canton  the  deaths  exceeded  one  himdred  thousand, 
and  in  Hong-Kong  numbered  about  ten  thousand.  The  disease 
was  contagious,  and  mauily .  diffused  by  personal  contact.  Death 
occurred,  as  a  rule,  in  from  twenty-four  hours  to  five  days.  The 
English  and  European  community  escaped,  with  the  exception  of  a 
very  few  out  of  a  large  number,  mostly  soldiers,  employed  in  cleansing 
the  houses.  The  disease  was  a  specific  fever,  intensely  fatal,  accom- 
panied by  high  temperature,  cerebral  congestion,  delirium,  and  the 
formation  of  buboes.  The  buboes  consisted  of  exquisitely  painful  and 
swollen  lymphatic  glands.    All  the  glands,  in  some  cases,  were  affected. 

According  to  Cantlie  the  glandular  swelling  when  first  recognised 
was  almond-shaped  in  the  inguinal  region,  and  globular  in  other 
regions,  with  peri-glandular  aidema.  The  swelling  rapidly  increased 
in  size,  becoming  softer,  less  definite  in  outline,  and  less  tender,  until 
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by  the  end  of  five  or  six  dayH  it  coiudsted  of  an  elevated  mass,  doughy 
to  tlie  touch,  almost  circiihir,  with  a  diameter  of  six  inches.  The 
skin  over  the  swelling  was  livid  and  dimpled.  The  swelling  was  in 
some  cases  due  to  purulent  effusion,  but  more  frequently  on  incifdon 
there  was  only  an  escape  of  sero-sanguineous  fluid.  The  cervical 
glands  in  very  severe  cases  sometimes  attained  an  enormous  gize. 

Three  out  of  seven  Ja|>anese  medical  men  were  attacked  and  one 
died,  but  none  out  of  eleven  English  doctors,  though  they  were  eqnaUy 
ex{xjsed  to  infection.  Of  eight  Englishmen  attacked  seven  were  among 
the  soldiers  employed,  and  only  two  died.  No  nurses  or  attendants 
on  the  sick  were  attacked.  The  virus  appeared  to  be  intimately 
connected  with  filth  in  the  soil.  According  to  the  Chinese,  rats, 
{M)ultry,  goats,  sheep,  cows,  and  buffaloes  are  susceptible.  In  the 
houses  and  hotels  dead  rats  were  found  in  great  numbers  :  it  was  said 
that  they  emerged  from  their  haunts  in  sewers  and  drains,  appeared 
to  lie  dazed,  and  limi)ed  about,  owing  to  the  formation  of  buboes  in 
their  hind  legs.  Kats,  mice,  and  guinea-pigs  inoculated  with  vims 
from  a  human  lymphatic  gland  (Ucd  with  development  of  buboes. 
It  appears  to  )ye  clearly  proved  that  rats  Suffer  from  the  plague  in 
common  with  man,  and  it  has  also  been  suggested  that  they  may 
serve  to  sprea<l  the  disease.  Bacilli  were  found  in  human  blood  and 
in  the  swollen  lymphatic  glands  by  Kitasato,  and  independently  by 
Yersin. 

BaoiUuB  of  Plague.— Short  rods  with  rounded  ends.  Th^ 
stain  with  aniline  dyes,  but  not  by  Gram's  method.  The  stain 
collect's  at  the  ends  of  the  rods,  leaving  a  clear  space  in  the  middle. 
Sometimes  the  rods  are  surroundetl  by  a  capsule.  Tliey  are  found 
in  abundance  in  the  bulK>es,  and  in  small  numbers  in  the  blood  in 
very  serious  and  rapidly  fatal  cases. 

Mateiial  fi-om  the  buboes  inoculated  on  agar  gives  rise  to  white 
transparent  colonies,  which  have  an  iridescent  edge  when  examined 
by  reHecte<l  light. 

Tlie  bicilli  grow  more  readily  on  glycerine-agar  and  on  solidified 
serum.  In  broth  cultures  the  ]i(piid  remains  clear,  and  a  flocculent 
de[K)sit  forms  on  the  sides  and  at  the  l>ottom  of  the  vessel. 

An  alkaline  solution  of  j)ej)tone  2  jier  cent.,  with  from  1  to  2  per 
cent,  of  gelatine,  is  the  Lest  nutrient  medium.  In  cultures  the 
bacilli  develop  chains  of  short  itxls  and  well-marked  involution 
forms.  Swollen  and  degenerated  forms  are  found  most  abundantly 
in  old  cultures,  and  stain  with  difficulty. 

Mice,  rats,  and  guinea-])igs,  inoculated  with  bubonic  tissue,  die  in 
a  few  days,  numerous  bacilli  being  found  in  the  lymphatic  glands. 


THE    PLAGDE.  353 

^leeo,  and  blood.  Guinea-pigs  die  in  from  two  to  five  days,  and 
mice  in  one  to  three  dajs. 

Id  guineft-pigB  after  some  hours  there  is  cedema  at  the  seat  of 
inoculation,  and  the  lymphatic  glands  are  swollen.  After  twenty- 
four  hours  the  atumal  refuses  to  eat,  has  a  staring  coat,  and  after 
a  time  suddenly  falls  on  its  side,  and  is  attacked  by  convulsions, 
which  become  more  and  more  frequent  until  death  occui'v. 

After  death  the  seat  of  inocuUtion  is  found  to  be  extensively 
cndematous,  and  the  neighbouring  lymphatic  glands  enlarged  and 
filled  with  bacilli.     The  intestine  is  often  congested,  and  the  liver  is 


congested  and  enlarged.  In  less  acute  cases  an  abscess  of  the 
abdominal  wall  occasionally  results. 

The  bacilli  are  sometimes  found  in  the  pleural  and  peritoiieiil 
exudation.  The  liver  and  spleen  also  contain  many  bacilli.  Thone 
in  the  blood  are  a  little  longer  than  those  in  the  lymphatic  glands. 

Inoculations  can  readily  be  made  from  guinea-pig  to  guinea- 
{ng  by  using  the  pulp  of  the  spleen,  or  the  blood.  Cultures  ]one  theii- 
virulence  gradually,  but  the  virus  can  be  intensified  by  successive 
inoculations  in  animals.  The  disease  is  infectious  to  mice  as 
well  as  inoculable.  Pigeons  are  insusceptible.  Bats  and  flies  may 
convey  the  baralli. 

According  to  Aoyama,  the  bacilli  found  in  the  blood  of  plague 
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patients  and  in  the  buboes  are  not  identical.  The  bacilli  in  the 
bulK)e8  are  different  in  form,  and  they  stain  by  Gram's  method. 

There  is  no  doubt  that  the  micro-organism  which  was  found  in 
blood  is  very  similar  to  the  bacillus  of  fowl  cholera,  and  it  is  quite 
possible  that  the  so-called  plague  bacillus  is  really  identical  with  the 
bacillus  of  hsemorrhagic  septicemia,  and  that  the  real  nature  of  the 
contagium  in  bubonic  plague  is  unknown. 

Protective  Inoculation. — Yersin,  Calmette,  and  Borrell  chiim 
not  only  to  have  produced  immunity,  but  to  have  cured  animals 
after  infection.  Cultures  cm  agar  heated  to  58°  C.  for  an  hour 
were  attenuated,  and  rabbits  after  intravenous  or  subcutaneous 
inoculation  were  protected  against  iirulent  cultures.  The  serum 
of  immuniKed  rabbits  was  capable  of  protecting  from  subsequent 
virulent  cultures,  and  neutralising  the  effect  of  a  previous  inoculation 
of  a  virulent  culture.  A  horse  was  inoculated  with  cultures  which 
kille<l  mice  in  two  days,  and  after  six  weeks  a  serum  w&h  obtained 
which  pixxluced  immunity  in  mice  and  guinea-pigs. 

Stamplng-out  System. — It  is  not  until  the  sixteenth  century 
that  we  hear  of  preventive  measures  being  attempted  in  England, 
and  then  they  appear  to  have  been  adopted  only  when  an  outbreak 
threatened  to  be  very  seiious. 

Early  in  the  sixteenth  century  all  those  who  had  the  plague  in  their 
houses  were  ordered  to  put  up  wisps,  and  to  carry  white  rods  in  their 
hands. 

In  1543  the  Plague  Order  of  Henry  VIII.  was  issued.  In  place  of 
wisps  the  sign  of  the  cross  was  to  be  made  on  every  infected  house,  and 
to  remain  there  for  forty  days.  Persons  afflicted  with  the  disease  were 
to  refrain,  if  possible,  from  going  out  of  doors,  or  for  forty  days  to  carry 
a  white  rod  in  the  hand.  All  stniw  from  the  infected  houses  was  to  be 
carried  into  the  fields  and  burnt.  Churchwardens  were  directed  to  keep 
beggars  out  of  churches  on  holy  days,  and  all  streets  and  lanes  were  to 
be  cleansed. 

In  ir>47  the  means  of  notification  was  a  blue  cross  with  the  addition 
of  the  inscription  Lord  hacr  mtrcy  upon  uh.  Later  on  the  colour  of  the 
cross  was  changed  to  red. 

With  the  outburst  of  the  plague  in  151)3,  came  an  attempt  to  enforce 
a  terrible  system  of  compulsorily  shutting  up  infected  families.  The 
doors  and  windows  in  such  houses  were  to  l)e  closed,  and  no  inmates  were 
to  leave  the  premises  and  no  visitors  to  be  allowed  for  forty  days.  No 
better  incubator  on  a  large  scale  could  possibly  have  been  devised  for 
both  breeding  and  intensifying  the  virulence  of  the  plague  bacillus,  or 
whatever  may  be  the  ronUiffium  rivum  of  this  disease. 

This  compulsory  shutting  up  of  the  sick  with  the  healthy  amounted 
to  a  compulsory  infection  of  many  of  the  unfortunate  inmates  who  might 
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otherwiae  have  escaped,  and  very  naturally  the  order  was  frequently 
infringed. 

In  1568  the  Lord  Mayor  of  London  drew  up  instructions  for  the 
Aldermen  for  dealing  with  the  plague.  It  was  enacted  that  constables 
and  officers  should  search  out  in^cted  houses  and  report  to  the  authorities. 
In  other  words,  that  there  should  be  notification  hy  the  police.  All  infected 
houses  were  to  be  shut  up,  and  no  person  to  be  allowed  to  come  out  for 
twenty  days.  All  bedding  and  clothes  used  by  the  victims  were  to  be 
-destroyed. 

At  Westminster  these  instructions  were  to  be  enforced  under  a  penalty 
-of  seven  days  in  the  stocks,  with  imprisonment  to  foUow,  making  in  all 
m  punishment  of  forty  days. 

In  1581  the  Lord  Mayor  transferred  notification  from  the  constables 
to  searchers.  Two  honest  and  discreet  matrons  in  every  parish  were  to 
.search  the  body  of  every  such  person  that  happened  to  die  in  the  parish. 
They  were  ordered  to  make  a  true  report  to  the  clerk  of  the  pari^,  and 
the  said  clerk  had  to  report  to  the  wardens  of  the  parish.  For  failing 
to  notify,  the  penalty  was  an  exemplary  term  of  imprisonment.  The 
aearchers  were  of  course  likely  to  be  offered  heavy  bribes  by  the  people 
to  suppress  reports,  owing  to  their  anxiety  to  avoid  the  shutting  up  of 
infected  houses. 

The  continued  prevalence  of  the  plague  led  to  the  publication,  in 
1593,  of  a  book  by  Simon  Eellwaye.  One  chapter  ^'teacheth  what 
•orders  magistrates  and  rulers  of  citties  and  towns  should  cause  to  be 
observed,"  which  included  among  other  regulations  that  no  dunghills 
were  to  be  allowed  near  the  city,  and  the  streets  were  to  be  watered 
juid  cleansed. 

No  surgeons  or  barbers  who  let  blood  were  to  cast  the  same  into  the 
streets.  All  those  visiting  and  attending  the  sick  to  carry  something  in 
thdr  hand  to  be  known  from  other  people  ;  and  if  the  infection  were  in 
few  places,  all  the  people  were  to  be  kept  in  their  houses  during  the  time 
of  their  visitation,  and  when  this  was  over,  all  clothes,  bedding,  and 
other  such  things  used  upon  the  sick,  were  to  be  burnt. 

In  1603  Thomas  Lodge  recommended  that  discreet  and  skilful  men 
should  be  appointed  in  every  parish  to  notify  sickness  to  the  authorities, 
and  so  cause  them  to  be  visited  by  expert  physicians,  and  that  such  as 
were  sick  should  be  separated  from  the  whole,  and  that  isolation  hospitals 
should  be  built  outside  the  City  in  separate  and  unfrequented  places. 

In  1665  the  Oreat  Plague  of  London  occurred,  and  was  attributed  by 
some  to  the  importation  of  an  infected  bale  of  silks  from  the  Levant. 

According  to  Hodges  the  disease  stayed  among  the  common  people,  and 
hence  was  called  The  Poor^s  Plague,  He  criticised  the  system  of  shutting 
up  infected  houses,  and  strongly  recommended  that  those  who  were 
untouched  in  infected  houses  should  receive  *^  accommodation  outside  the 
city.'*  The  sick  were  to  be  removed  to  convenient  apartments  provided 
on  purpose  for  them.  To  quote  his  own  words,  "  Timely  separation  of 
the  infected  from  the  well  is  absolutely  necessary  to  be  done." 

For  the  purification  of  houses  his  directions  were  to  place  ^'  a  chafing 
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dub  in  the  middle  of  the  room,  where  proper  things  were  burnt  nnd 
exhaled  all  nround."    The  usu  of  aulphur  nnd  quidclime  w!lh  mentioaed.  * 

Preventive  measures  were  drawn  up  and  pulilisliod  by  the  liord  Mayor 
ftnd  Alderniea.  Examiners  in  Health,  watebmen,  and  senrtbers  were 
appointed.  Surgeona  were  selected  to  oaaist  the  searchers  in  making  their- 
reports,  and  a  fee  of  twelve  pence  was  allowed  for  every  case.  The  disease 
was  immediately  notified  to  the  Examiner  of  Health.  Rules  for  disinfec- 
tion were  made,  and  every  infected  house  was  shut  up,  and  no  one  removed 
except  to  a  peat-hoiise  or  tent.  Orders  were  issued  for  cleaning  nnd  sweep- 
ing the  streets.  Hackney  coaches  were  not  to  he  used  after  conveying 
patients  to  the  pest-house  until  they  had  been  well  aired.  Regulations 
were  aUo  made  dealing  with  loose  persons,  assemblies,  and  drinking  taverns. 

The  plague  was  scarcely  over  before  the  whole  city  was  in  ilames.  A 
new  city  speedily  ruse  upon  the  ashes  of  Old  London,  A  few  sporadic 
cases  of  plague  are  given  in  the  London  Bills  of  Mortality  down  to  ItiTl*- 
when  they  finally  ceased.  London  was  sterilised  by  the  great  fire.  '■  (ireat 
as  this  calamity  was,"  wrote  Thomas  Pennant,  '"yet  it  proved  the  provi- 
dential cause  of  putting  a  stop  to  one  of  far  more  tremendous  nature. 
The  plague,  which,  for  a  series  of  ages,  had,  with  very  short  intervals, 
visited  our  capital  in  its  most  dreadful  forms,  never  appeared  there  again 
after  the  rebuilding  of  the  city  in  a  more  open  and  airy  manner  ;  which 
removed  several  nuisances,  which  if  not  the  origin  of  a  plague,  was 
assuredly  one  great /«(/.« /urn,  when  it  bad  seiatHl  our  streets," 

In  the  years  1720-22  there  was  a  terrible  outburst  of  plague  in  France. 
It  was  attributed  at  Marseilles  to  importation  by  a  ship  from  Syria.  This 
caused  a  panic  in  England,  and  the  Lords  Justices  considered  it  necessiiry 
for  the  public  safety  that  measures  should  be  taken  to  defend  the  country 
from  a  fresh  invasion  of  this  disease.  Dr.  Richard  Mead  was  entrusted 
with  drawing  up  the  required  recommendations.  Mead  laid  it  down  as 
an  essential  doctrine  that  the  plague  was  not  native  to  this  country,  and 
therefore  the  flrst  thing  was  to  prevent  importation,  and  if  such  a  misfor- 
tune occurred,  it  was  to  be  prevented  from  spreading.  How  was  this  to 
be  accomplished  ?  BrieBy  stated,  his  system  was  as  follows  :  Lazarettoes 
were  to  be  provided  for  the  reception  of  infected  men  and  meruhandi.'^e. 
The  healthy  were  to  change  their  clothes  and  to  be  kept  in  quarantine,  and 
the  sick  were  to  be  kept  remote  from  the  healthy  and  their  clothes 
destroyed. 

If.  through  u  miscarriage  in  the  public  care,  by  the  neglect  of  officers 
or  otherwise,  the  disease  was  imported,  then  "  the  civil  mugiatrates  were 
to  make  it  as  much  for  the  interest  of  the  afflicted  families  to  discover 

*  Daring  outbreaks  of  the  plague  amulets  were  extremely  popular.  Walnnta 
filled  with  mercury,  pieces  of  cloth  coated  with  arsenic,  and  arsenical  cakes, 
were  veiy  generally  worn.  The  College  uf  Physicians  recommended  Issues  on 
the  aims  and  legs.  Dr.  Hodges  wrote,  that  the  more  ol  the  ulcere  that  were 
made  the  better,  although  Iheir  largeuess  answered  as  well  as  more  in  number. 
If  iwo  Issues  were  preferrcl,  it  was  recommended  to  make  one  on  the  leFt  arm 
and  the  otberon  the  opposite  leg,  A  somewhat  similar  plan  was  adopted  iu 
Circassia  by  small-pox  inociilatora. 
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their  misfortune,  as  it  was  when  a  house  was  on  fire,  to  call  in  the 
assistance  of  the  neighbourhood."  The  shutting  up  of  infected  houses 
was  condemned  in  the  strongest  terms,  and  a  system  of  notification  and 
isolation  was  proposed  on  the  lines  originally  suggested  by  Dr.  Hodges. 

1.  -I  Council  of  Health  was  to  be  established,  and  entrusted  with  such 
powers  as  might  enable  them  to  see  all  their  orders  executed  with  im- 
partial justice. 

2.  Notificaiion. — The  ignorant  old  women  employed  as  searchers  were 
to  be  replaced  by  understanding  and  diligent  men,  who  were  to  report 
cases  immediately  to  the  Council  of  Health. 

3.  ImUition. — Physicians  were  at  once  to  be  despatched  to  visit  the 
suspected  cases,  and  when  the  suspicion  of  plague  was  confirmed,  all  the 
families  in  which  the  sickness  occurred  were  to  be  isolated.  The  sick 
were  to  be  separated  from  the  sound,  and  isolation  houses  to  be  provided 
three  or  four  miles  out  of  the  town. 

The  removal  of  the  sick  was  to  be  made  at  night,  so  as  to  avoid  the 
danger  of  spreading  infection,  and  all  possible  care  was  to  be  taken  to 
provide  such  means  of  conveyance  for  the  sick  that  they  might  receive  no 
injury.  The  poor  were  to  be  isolated  in  houses  provided  for  the  purpose, 
but  the  rich  were  to  be  allowed  to  be  in  their  own  homes  provided  that 
care  was  taken  to  separate  the  healthy  from  the  sick,  and  no  pains  were 
to  be  spared  to  provide  clean  and  airy  apartments.  All  expenses  were  to 
be  paid  by  the  public,  and  a  reward  was  to  be  given  to  the  person  who 
made  the  first  discovery  of  infection  in  any  place. 

Mead  further  pointed  out  that  general  sanitation  must  h%  carefully 
attended  to.  Officers  were  to  see  that  the  streets  were  washed  and  kept 
dean  from  filth,  carrion,  and  all  manner  of  nuisances.  Beggars  and  idle 
persons  were  to  be  taken  up,  and  such  miserable  objects  as  were  fit 
neither  for  the  hospitals  nor  for  the  workhouses,  were  to  be  provided  for 
in  an  establishment  for  incurables.  Houses  also  were  to  be  kept  clean, 
and  sulphur  was  to  be  used  as  a  disinfectant. 

After  centuries  of  experience  we  have  learnt  that  tlie  necessary 
conditions  for  avoiding  the  plague  are  more  accurate  knowledge  on 
the  part  of  the  profession  and  the  public  of  the  way  in  which  the 
disease  spreads,  and  the  adoption  of  sanitary  precautions,  which  must 
include  personal  cleanliness,  sanitary  dwellings,  absence  of  overcrowd- 
ing, immediate  notification,  prompt  separation  of  the  sick  from  the 
healthy,  disinfection  of  infectetl  dwellings,  destruction  of  infected 
clothing,  and  extra-mural  burial  or,  better  still,  cremation.  It  was 
because  the  very  reverse  of  these  sanitary  conditions  existed  that 
the  virus  of  the  plague  found  a  suitable  envii-onment  in  Old  London 
and  in  recent  times  in  Hong-Kong. 

Relapsing  Feaer. 
Relapsing  or  famine  fever  is  a  contagious  disease  producing  a 
state  of  high  fever  lasting  about  seven  days,  followed  by  apparent 
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rwHivovy,  imil  in  nboiit  fDurteeii  ilityit  by  anntlier  iittiiak  of  fei'er, 
wluili  niiiy  Ik*  iviM-tib-tl  nft<!i-  xiiotlifr  wwk. 

Stiii'viit  iiiii,  ill  .-isMiciatioii  witli  (ivi-t-cruwdiri^  ildU  filth,  ix  ititimiitely 
(iumwtiHl  with  tin-  (M(iHiitii)ii  (if  till-  ilitviist'.  nil-  Kitbjec-U  <>f  tbf 
llisl■a^<l■<'llutltmi]lllt(<  tlic  iiii-iinniiiil  th(!iii,  am)  thf>  viriiH  in  jirincijinlly 
(■oii\i-yoil  by  truiiiiw  :iii<l  ilirty  |H.ii{>lt'. 

Olicnm-icr  iliMi)vi>rfI  K|>irillii  in  tlic  UoinI  iliinnjr  tliR  iiunixysmK 
iif  fi-v<'i-.  TliP  cdiixtiiiit  ixx'iiri'oncc  (if  th«  spirillum  in  reluiisinff 
fevi'i*.  iinil  tlie  fnct  iif  its  not  Iwiiifr  fouiiil  in  uny  (ithor  Cduditionii. 
n'luifr  it  vtfry  jinibjibl"  that  it  i«  tlii»  «niw  iif  the  iliMPnsc. 
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Spirillmn  Obermeieri  (SpimehiHa  Oheniuieri,  t'lilm). — 
Thn«.ls  Miuiliir  I.. III.'  H|.iii[l.>iii  iiU.atil.-.  In  l.-n,itli  th.-y  i.iv  im«tly 
Hi  lo  HI  fi.,  witli  i-c;;iilui-  N.T.!w-.-i[rvf7..  1'lii-y  iimv..  \.Ty  i-apidly, 
]iiiil  cxliibil  jiiviiliar  wavc-liki-  uiiihilations.  Tlii-y  luv  iiljtiuiit  from 
111.'  hl.Kxl  cjuriiif;  iIk'  iioii-l'.-l.iilc  iiiti-rvaU  bill  an-  foiiuil  in  the 
iiiU-ii..r  ..f  l,.ui-.K;yt.!S  in  iho  sj.l,  .-ii.  In  lil.«i.l  «.Tum  ami  Jid  pt-i- 
cent.  Kilt  huliitiDiL,  tiny  {iitx-rvi-  their  niuvi'int'iits.  In  cuvvr-gliuw 
[ii-i-[iiirutii>ii>  lin-y  ai-e  ivadily  htainol  by  any  irf  tin-  aiiilintt  ciyi», 
an<l  in  swtiiHi.-.  by  pii-fun-nii-,  wilh  Bisiimn'k  brown.     Tlinyare  imt 
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found  in  the  urine,  8weaty  or  saliva.  They  have  not  been  cultivated 
artificially  on  any  nutrient  media.  Monkeys  have  been  successfully 
inoculated  with  blood  containing  the  spirilla  by  Koch,  Carter  and 
Soudakewitch ;  and  Koch  found  the  spirilla  in  the  vessels  of  the 
brain,  liver,  and  kidneys,  after  death.  According  to  Soudakewitch 
a  fatal  result  is  produced  in  monkeys  if  the  spleen  is  i-emoved, 
and  the  spirilla  are  found  in  great  numbers  in  the  blood ;  but  if 
the  spleen  is  not  excised  the  spirilla  rapidly  disappear,  and  recovery 
follows.  MUnch  and  Motschutkowsky  transferred  blood  containing 
the  spirilla  to  healthy  persons,  and  produced  typical  rclaj>sing  fever. 

Typhus  Fever. 

Typl^^^  fever  is  a  highly  contagious  disease,  wliich  lasts  for  two 
or  three  weeks,  and  produces  a  measly  eruption.  Like  the  plague, 
it  is  Ultimately  associated  with  overcrowding  and  filth,  and  is  liable  to 
occur  where  these  conditions  exist  in  cities,  in  armies,  and  in  prisons. 
The  virus  produces  profound  changes  in  the  blood,  and  after  death 
the  internal  organs  are  found  to  be  congasted,  especially  the  lungs, 
which  are  very  friable.  The  spleen  is  softened  and  often  enlarged, 
and  the  blood  is  dark  and  imperfectly  coagulated. 

The  virus  is  dissipated  by  fresh  air.  It  is  given  off  by  the 
breath  of  patients,  and  possibly  from  the  skin.  It  clings  to  the 
clothes  of  patients,  and  the  disease  may  be  conveyed  by  their  agency. 
One  attack,  as  a  rule,  confers  immunity.  Some  persons  are  naturally 
inmisceptible,  failing  to  contract  the  disease  though  daily  ex|xxsed  to 
it.  Hlava  has  described  a  bacterium  which  he  believes  to  be  the 
specific  micro-organism.  Thoinot  and  Calmette  found  the  same 
bacterium  with  others,  but  there  was  no  particular  micro-organism 
constantly  present.  There  can  be  little  doubt  that  the  nature  of 
the  contagium  is  iinknown. 

Stamping-out  System. — Sanitary  precautions,  and  especially 
the  operation  of  the  Public  Health  Acts  in  relation  to  lodging- 
houses,  prisons,  and  the  better  housing  of  the  working  classes,  have 
been  instrumental  in  almost  completely  stamping  out  the  disease  in 
this  country. 

Yellow  Fever. 

Yellow  fever  is  a  disease  of  tropical  climates,  characterised  by 
abdominal  tenderness,  hsemorrhagic  vomiting  (black-vomit),  and 
jaundice.  The  disease  may  end  fatally,  or  recovery  occur  in  about 
two  or  three  weeks.  It  is  especially  prevalent  in  the  West  Indies 
and  in  parts  of  North  and  South  America. 
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The  virus  may  be  conveyed  by  infected  ships,  and  has  in  tiiis 
way  made  its  appearance  at  British  and  French  seaport  town^. 
The  disease  is  generally  believed  to  be  contagious,  but  the  souire 
of  the  virus  is  not  known.  According  to  Sternberg  the  virus  is  not 
conveyed  by  water,  but  spreads  where  there  is  overcrowding  and 
filth. 

Bacteria  in  Yellow  Fever. — Freire  asserts  that  there  is  a 
specific  micrococcus  in  yellow  fever  which  can  be  gi^own  on  all 
ordinary  nutrient  media,  and  that  cultures  can  be  used  for  protective 
inoculation  with  satisfactory  results.  Carmonay  Valle  also  claims  to 
have  discovered  the  contagium ;  but  Sternberg,  who  has  carried  on 
investigations  extending  over  several  years,  maintains  tliat  there  is  no 
characteristic  micro-organism  present  in  the  blood  or  in  the  tissues 
after  death.  Aerobic  and  anaerobic  cultures  were  made  from  the 
blood,  liver,  kidney,  urine,  stomach,  and  intestines.  The  liver  was 
found  to  contain  after  death  a  number  of  bacilli,  most  frequently 
Bacillus  coli  communis  and  Bacillus  cadaveris.  Blood  or  fresh 
liver  does  not  pixxiuce  any  disease  in  rabbits  or  guinea-pigs,  but 
liver  tissue  kept  for  foHy-^nght  hours  and  inoculated  subcutaneously 
in  guinea-pigs  is  extremely  pathogenic.  Similar  results  occur  after 
inoculation  of  healthy  liver  which  has  been  kept  in  the  same  way. 
We  may  conclude  from  these  exjwriments  that  the  nature  of  tlie 
contagium  is  unknown. 

Stamping-out  System. — Sternberg  states  that  there  are  many 
facts  relating  to  the  origin  and  extension  of  yellow  fever  epidemics 
which  supiwrt  the  theory  that  the  virus  is  pi'esent  in  the  evacua- 
tions, and  that  accumuLitions  of  fscciil  matter  and  of  organic 
material  of  animal  origin  furnish  in  certain  climates  a  suitable  soil 
for  the  (levelopnient  of  the  contagium.  Acconhng  to  this  view  the 
evacuations  should  l^e  thoroughly  disinfected,  and  with  other  sanitiiiT 
precautions  and  efficient  (juarantine  at  seaports,  the  disease  may 
be  stami)ed  out,  and  the  danger  of  importation  from  tlie  natural 
home  of  the  disease  reduce  1  to  a  minimum. 


CHAPTEK   XIX. 

SCARLET  FEVER. — MEASLES. 

Scarlet  Fever. 

Scarlet  Fever  is  a  highly  contagious  disease  peculiar  to  man.  It 
produces  inflammation  of  the  tonsils  and  adjoining  parts,  fever,  and 
a  general  punctiform  eruption.  The  period  of  incubation  is  about 
a  week,  and  the  rash  usually  appears  on  the  second  day.  In  some 
cases  the  disease  manifests  itself  in  an  extremely  mild  form,  known 
as  latent  scarlet  fet?er,  in  which  there  is  only  a  sUght  febrile  attack, 
or  a  mild  sore  throat,  with  very  little  or  no  rash.  Many  cases 
would  not  be  recognisable  as  such  if  they  were  not  capable  of 
conveying  scarlet  fever,  or  unless  other  cases  followed  or  occuri'ed 
simultaneously  which  were  undoubtedly  typical  cases  of  the  disease. 
The  occurrence  of  such  cases  in  the  early  history  of  an  epidemic 
often  causes  the  greatest  chfficulty  in  tracing  the  origin  of  the 
outbreak,  and  indeed  in  some  cases  renders  it  quite  impossible  to 
do  so. 

The  virus  is  given  off  by  the  skin,  in  desquamation,  and  possibly 
by  the  urine.  It  maintains  its  \Titality  in  clothing  for  months,  and 
sometimes  longer.  It  may  also  be  conveyed  by  the  hands  of  the 
physician  to  women  during  partuiition.  The  disease  may  be 
transferreil  by  subcutaneously  inoculating  {)ersons,  who  have  not 
previously  contracted  scarlet  fever,  with  virus  obtained  by  puncturing 
the  eruption  on  the  skin. 

After  death  the  internal  organs  appear  to  the  naked  eye  more  or 
less  healthy.  The  liver  is  soft,  the  kidneys  are  congested,  the  ileum 
is  inflamed,  and  Peyer's  patches  enlarged  and  congested ;  but  these 
conditions  are  also  produced  by  other  causes.  There  are  inflam- 
matory changes  in  the  l^onphatic  follicle.^  of  the  tonsils,  and  the 
larjTix  and  trachea.  Other  morbid  lesions,  especially  in  the  kidneys, 
ai*e  associated  with  the  sequela;  and  complications,  and  though 
commonly  occurring  in  scarlet  fever  ai-e  also  found  in  other  diseases. 
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These  changes  a[)|>ear  to  be  due  to  the  poiKon  which  is  in  the  blood, 
and  is  excreted  by  the  ki(hieys.  The  epithelium  is  in  a  state  of 
cloudy  swelling,  a  condition  found  in  other  febiile  diseases  and  in 
septic  poisoning. 

Bacteria  in  Scarlet  Fever. — The  occuiTence  of  micro-organ- 
isms in  ca^es  of  scarh^t  fever  h»i8  l)een  observed  by  several  investi- 
gators— Coze  and  Feltz,  Orooke,  Loffler,  Bab^s,  Ileubner  and  Bahrdt, 
and  notably  by  Frankel  and  Freudenberg,  and  more  recently  by 
Klein,  the  author,  R^iskin,  and  others. 

Coze  and  Fellz  found  c(x*ci  in  the  blood,  and  Crooke,  in  cases  of 
scarlet  fever  with  seveivly  affected  throat,  found  bacilli,  cocci,  and 
streptoc(x*ci  in  the  organs  of  the  throat,  and  cocci  in  the  internal 
organs.  Cr(x>ke  left  it  an  o|x?n  (question  whether  these  cocci  were 
the  specific  organisms  of  scarlet  fever,  or  were  to  be  regarded  as 
<liphtheritic  or  septic  associates.  He  inclined,  for  clinical  reasons, 
to  the  latter  view. 

Loffler,  in  cases  of  scarlatinal  diphtheria,  found  the  same  chain- 
forming  micrcxroccus  which  he  had  found  in  typical  diphtheria. 

Bal)es  was  able  constantly  to  pn)ve  the  presence  of  a  strepto- 
coccus in   inftamniatory   products  secondary  to  scarlatina. 

Ileubner  and  Bahrdt,  in  a  faliil  case  of  scarlet  fever  in  a  boy, 
complicate<l  with  suppuration  of  the  finger  and  knee-joints,  and 
with  pericarditis,  found  a  streptcxjoccus  identical  in  form  with  Strepto- 
coccus pyogenes,  but  cultivations  were  not  made.  The  secondary 
infection  starte<l  from  diphtheritica lly  affwted  tonsils,  which  wei^ 
followed  by  retro- pharyngeal  absci^se.s. 

Frankel  and  PVeu<UMilM»rg  examined,  for  micn)-organisms,  thi-ee 
castas  of  scarlatina  with  well-marked  affection  of  the  throat.  In  iill 
three  cases  they  obtained  cultivations  of  cixxi  from  the  submaxillary 
lymphatic  glands,  spleen,  liver,  and  kidney.  These  txxici  could  not 
l)e  distinguishc<l  from  Strept<x*octnis  pyogenes  derived  from  pus,  nor 
from  the  undoubteilly  identical  streptococcus  which  one  of  them 
(A.  Frankel)  had  repeatedly  cultivated  in  large  numbers  fi*om 
puerperal  affections.  In  two  of  the  castas  Streptococcus  pyogenes 
was  the  only  organism  present,  and  in  all  three  cases  it  was  far  in 
excess  of  other  colonies  which  (levelojx»d.  The  organisms  were  also 
found  in  sections  of  the  organs  by  mici-oscopical  examination. 
Frankel  and  Freudenl)erg  could  in  no  way  di.stinguish  the  strepto- 
coccus in  scarlatina  from  the  strep toccxx^us  in  ])yromia  and  septi- 
Cflemia.  The  identity  of  this  streptococcus  with  Streptococcus  pyogenes 
and  Streptococcus  puerperalis  was  establishe<l  by  compirison  of  their 

and   micr<wcopical    a}>pearances   in   cultivations    oti 
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nutrient  agar-agur,  uiitdent  gelatine,  and  iu  bi-oth,  botli  at  the 
ordiDary  and  at  liij^lier  temperntureJi,  and  also  by  experimeate  on 
aniniiils.  They  coni^luded  that  it  cuiild  be  stated  with  certainty 
that  the  urganixins  in  qneHtiuu  did  not  stand  iu  (.'ausul  relation  to 
scarlet  fever.  They  t'onsidereil  tliat  sj»M;ial  inethtnln  of  luieroscDpiral 
and  biological  reaeareh  were  iipjiiirently  ueede<l  for  demoiisiti-ating 
the  true  scarlet  fever  contugiutn,  which  probably  was  espetnally 
present  in  the  skiu.      They  coiisidei-al   that   the  jji-eseiice  of  the 
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;  (b)  til  the  <lepth  uf  nutrient  g<^laCini 


Btreptocwcns  was  due  to  a  secondary  infection,  to  which  the  dfKH' 
was  opened  by  the  lesions  of  the  throat — a  view  which  was  sup- 
porteil  by  the  fact  that  the  orgaiiii^inu  were  found  in  eubmasillavy 
lymphatic  ghi:ult.  They  preferred  to  use  the  term  "  sewmdaiy " 
to  "complicated"  or  "eombinafi"  infection,  beeanse  this  expresses 
the  fact  that  by  the  effect  of  the  scarlatinal  virus  the  soil  i.s 
retidered  suitable  for  this  ubiquitims  niicrnl»  when  it  has  once 
gained  an  entrniiee. 

This  strepUieocrns  was  found  by  Klein  in  live  oiit  of  ele\-en  cunes 
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of  scarlet  fever  in  mini,  twice  in  association  with  certain  other 
micro-organiKm8,  and  three  times  alone.  The  micro-organisms  were 
Isolated  by  inoculating  tubes  of  nutrient  gelatine,  solidified  obliquely, 
by  streaking  the  surface  with  blood  taken  from  the  finger,  the  arm, 
or  the  heart  after  death.  Those  cases  from  which  the  organism  was 
obtained  were  all  cases  with  ulcerated  throat,  and  the  culture 
exj)eriment«,  from  the  li\ing  patient,  were  made  on  or  about  the  day 
at  wliicb  the  tempenitiu*e  wius  at  its  maximum. 
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recovered. 


Died  of 
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[Not  stated.] 


«• 


Recovered. 
[Not  stoted.] 

Died. 


Klein  r€»;i;anls  this  streptcK-occus  a.s  the  actual  cau^e  of  scarlet 
fever  in  man. 

The  author,  Raskin,  Holmes,  an<l  others  who  have  investigated  this 
subject  agree  ^nth  the  conclusions  of  Frankel  and  Freudenl)erg.  The 
author  is  convinced  that  the  streptococci  in  suppuration,  puerperal 
septicaemia,  pycemia,  and  septicaemia,  and  in  certain  cases  of  measles, 
scarlatina,  and  diphtheria,  aiv  identical ;  an<l  from  overwhelming 
evidence  we  are  justified  in  concluding  that — (1)  The  nature  of 
the  contagiiini  of  sciirlet  fever  is  unknown.  (2)  The  streptococcus 
reganletl  by  Klein  as  the  contagium  is  the  Streptococmis  pyogenes. 
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(3)  This  streptococcus  Ls  found,  sometimes  in  company  with  Staphylo- 
coccus pyogenes  aureus,  as  a  secondary  result  in  scarlet  fever  and 
many  other  diseases,  and  its  exact  relation  to  scarlet  fever  and  its 
identity  with  the  streptococcus  from  pus  and  puerperal  fever,  were 
definitely  established  in  1885  by  Frankel  and  Freudenberg. 

Milk -Scarlatina. 

It  would  not  be  necessary  to  say  anything  further  on  the  etiology 
of  scarlet  fever  if  the  generally  accepted  belief,  that  scarlet  fever  is 
a  disease  peculiar  to  man,  were  accepted  by  the  Medical  Department 
of  the  Local  Government  Board;  but  the  theory  is  officially  held 
that  scarlet  fever  is  in  its  origin  a  disease  of  cows.  Bovine  scarlatina 
is  supposed  to  be  an  eruptive  disease  of  the  teats,  and  it  is  maintained 
that  the  x-inis,  by  contaminating  the  milk,  produces  scarlet  fever  in 
the  human  subject.  As  this  theory  is  very  naturally  accepted  by 
many  medical  officers  of  health,  and  is  mentioned  in  English  medical 
t^xt- books,  it  will  be  necessary'  to  discuss  tliis  question  in  considerable 
detail,  and  especially  as  these  opinions  were  promulgated  in  this 
country  with  official  support,  and  have  since  been  proved  to  be 
erroneous. 

The  theory  of  the  origin  of  the  exanthemata  in  diseases  of  the 
lower  animals  is  a  very  old  one.  The  Arabians  imagined  that  small- 
}K>x  arose  from  the  camel.  Jenner  adopted  a  similar  theory,  and 
expressed  his  belief  that  small-pox  originated  in  the  horse,  being 
generated  by  horses  suffering  with  "  greasy  "  hocks.  Thus  Jenner 
wi-ote :  "  May  not  accidental  circumstances  have  again  and  again 
arisen,  still  working  new  changes  upon  it,  until  it  has  acquired 
the  contagious  and  malignant  form  under  which  we  now  com- 
monly see  it,  making  its  devastations  among  us?  and  from  a 
consideration  of  the  change  which  the  infectious  matter  undergoes 
from  producing  a  disease  in  the  cow,  may  we  not  conceive  that 
many  contagious  diseases  now  prevalent  amongst  us  may  owe  their 
present  appearance,  not  to  a  simple,  but  a  compound  origin  ?  For 
example,  is  it  difficult  to  imagine  that  measles,  scarlet  fever,  ulcerated 
sore  throats,  and  spotteil  skin,  all  spring  fi'om  the  same  source, 
assuming  some  variety  in  their  forms  according  to  the  nature  of 
their  new  combinations?"  Baron  informs  us  that  this  idea  was 
pi-evalent  in  Jenuer's  mind  as  early  as  1787.  It  is  related  that  in 
that  year  he  accompanied  hLs  nephew,  George  Jenner,  into  a  stable 
to  look  at  a  horse  with  diseasetl  heels,  and,  pointing  to  them,  he 
remarked  :  "  Tliere  is  the  source  of  small-pox.     I  have  much  to  say 
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on  thiit  siibje<^t  wliicL  I  hope  in  due  time  to  give  to  the  worW." 
And  again  in  1794,  when  writing  in  connection  with  this  subject, 
he  adds  :  '*  Domestication  of  animals  has  certainly  provided  a  prolific 
source  of  disejises  among  man." 

Jenner*s  views  were  found  to  l)e  incorrect,  and  it  was  shown  by 
Loy  and  others  that  the  grease  bears  no  relation  to  cow-pox,  and 
it  is  now  known  that  Jenner  mistook  horse-pox  for  the  clisease 
known  Jis  the  grejise.  No  one  at  the  present  <lay  supports  Jenner^s 
tlieory  of  small- pox  in  man  arising  from  any  disease  of  the  horse. 
Indeed,  the  origin  of  small-i)ox  from  a  disease  of  the  horse  was  not 
uphehl  even  by  Jenner's  pupil  and  nephew,  Henry  Jenner.  The 
latter  promulgated  the  idea  that  small-pox  originiited  from  the  cow. 
He  l)elieved  tliat  small-(X)x,  in  fact,  wtis  cow-pox  intensified  in  its 
virulence  by  boing  |)assed  tln-ough  man.  He  thus  expressed  himself  * 
"  Nor  may  it,  perhai)s,  l)e  too  hypothetical  to  sup|X)8e  that  the 
cow-j>ox  may  possibly  be  the  small-j^x  in  its  original  unadulterated 
stjite,  before  it  beciime  contaminated  by  passing  through  the  impure 
and  sci-ofulous  habits  of  human  coiLstitutions."  The  theory  of  the 
origin,  in  animals,  of  human  febrile  dist»ji«es  was,  later,  advocated  by 
C-opland,  who  stated,  firstly,  that  warlet  fever  in  man  was  originally 
a  disease  of  the  horse,  and  that  it  formerly  occurred,  and  had  recently 
occurred,  epidemically  as  an  epizootic  among  horses;  secondly,  that 
it  was  communicattMl  in  comparatively  modem  times  from  horses  to 
man ;  thinlly,  that  it  might  l)e,  ami  had  lieen,  communicated  to  the 
(log.  But  this  opinion  has  not  l^eoii  ac(»eptc^l,  for  the  disejise  called 
scarlatina  in  the  hoi*se  is  a  non-inf^ftious  diseast»,  generally  attack- 
ing but  one  or  two  hoi"ses  in  a  large  stud.  It  neither  sprejuls  by 
contagion  nor  inf«i*tion  ;  and  Williams  static*  that  it  is  impMKsible  to 
transmit  it  from  the  horse  to  any  other  animal,  and  that  many  cases 
of  the  so-c.illeil  scarlatina  of  the  hors4*  are  in  reality  identical  with 
purpura. 

The  th«»ory  was  again  iwivtHl,  ]»ut  in  another  form,  and  has 
l)een  adopted  by  the  Mtnlical  DejMirtnient  of  the  I»cal  Uovernment 
lioard.  Owing  U)  failure  in  tracing,  in  some  (•ast»s  of  milk  s<*arla- 
tina,  the  iMmtaniinatiou  of  the  milk  ft*om  a  human  source,  the 
theorv  was  startetl  that  in  such  cases  the  «liseas<»  is  derived  from 
the  cow— that,  in  other  words,  there  is  a  disease,  scarlet  fever 
in  the  cow,  which  is  resjM)iLsible  for  nutbi*eaks  of  scarlet  fever  in 
man. 

In  18S2  an  e[>ideuiic  of  scirlatina  in  St.  Giles  and  8t.  Pancras 
was  investigated  by  Mr.  W.  H.  Power  for  the  Boanl.  The  disease 
was  distribute*!  with  a  milk  supply  fnnii  a  Surrey  farm.     In  this  cahe 
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two  facts  were  ascertained  :  the  one,  that  a  cow  recently  come  into 
milk  had  been  siiifering  from  some  ailment  from  the  time  of  her 
parturition,  of  which  loss  of  hair  in  patches  was  the  most  con- 
spicuous manifestation  ;  the  other,  that  there  existed  no  discovei-able 
means  by  which  the  milk  could  have  received  infective  tjuality  from 
the  human  subject. 

In  1885  an  outbreak  of  scarlet  fever  occurred  in  MarylelK)ue  in 
connection  with  milk  from  a  farm  at  Hendon,  and  again  Power 
failed  to  establish  infection  from  any  human  source  in  any  commonly 
accepted  way — such,  for  example,  as  handhng  of  milk,  or  milk  utensils, 
by  persons  carrpng  scarlatina  infection.  But  on  examining  the 
cows  with  a  view  to  ascertain  any  new  condition  pertaining  to 
them,  it  came  to  light  during  the  inijuiry  that  some  of  them, 
which  had  recently  been  introduced  from  Derbyshire,  were  suffering 
from  a  vesicular  disease  of  the  teats. 

At  this  stage  Klein  became  associated  with  Power  in  the 
inquiry;  and  their  belief  in  the  existence  of  a  disease  among  the 
cows  on  the  farm  capable  of  producing  scarlatina  among  human 
consumers  of  the  cow's  milk,  became  unreserved.  Klein  took  away 
with  him  samples  of  milk,  contents  of  vesicles,  and  discharges 
from  lUcers,  and  afterwards  two  of  the  cows  were  purchased  and 
kept  under  observation. 

Dr.  Cameron  of  Hendon  has  given  a  <letailed  description  of  the 
clinical  history  of  this  disease.  He  expressed  his  belief  that  it  was 
a  specific  disease  capable  of  being  communicateil  to  healtliy  cows 
by  direct  inoculation  of  the  teats  with  virus  conveyed  by  the  milker 
from  a  diseased  animal. 

The  condition  of  the  teats  is  described  as  follows  :  The  teats 
became  enlarged,  swollen  to  nearly  twice  their  natural  size,  and 
cedematous.  On  handling  them  there  was  no  feeling  of  induration. 
Vesicles  appeared  on  the  swollen  teats  and  upon  the  udder  between 
or  near  the  teats.  These  varied  in  number  from  two  to  four  on  a 
teat,  and  in  size  from  a  pea  to  a  horsel^an.  The  vesicle  contained 
a  clear  fluid.  The  vesicles  were  rubbed  and  broken  in  milking,  and 
left  raw  sores,  sometimes  red,  in  other  cases  pale  in  colour,  with 
raised,  ulcerated  edges.  Sometimes  a  few  accessory  vesicles  formed 
around  the  margin  of  these  ulcerated  sores.  After  the  rupture  of 
the  vesicle  a  brown  scab  formed,  which  might  remain  attached  for 
five  or  six  weeks,  or  fall  off  in  ten  days  or  a  fortniglit,  a  smaller 
one  forming  afterwards.  A  thin,  watery  fluid  exuded  from  under 
the  scab,  and  the  sore  ultimately  healed. 

Cameron  examined  the  teats  of  several  cows  &ve  or  six  weeks 
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aftei-  they  w^re  attacked.  The  Kcabn  then  varied  in  size  from  a 
shilling  Uy  a  florin ;  they  were  al)out  one-eighth  of  an  inch  thick  in 
the  centre,  thinning  off  towards  the  edges. 

Some  of  the  cows  were  also  suffering  fix)m  an  eruption  on  the 
rump  and  hind  quarter,  (X)nsisting  of  patches  of  eczematous  crustB. 
When  a  crust  was  picked  off,  the  hair  came  off  with  it,  exposing  a 
raw,  moist  soi*e,  the  crusts  and  sores  looking  exactly  like  eczematoos 
scahs  and  soi*es  ;  but  this  condition  corresponds  in  description  with 
ec/,ema,  the  result  of  ringworm  which  is  very  common  in  young 
stock. 

In  addition  to  his  own  ol)servations,  Cameron  obtained  infor- 
mation fnmi  the  farmers,  and  othei*s  familiar  with  cows,  who 
thought  they  recognised  in  the  disease  at  the  farm  one  stiige  of  a 
disejise  which  they  were  able  to  descrilje.  Cameron  thus  gives  an 
account  of  what  he  and  his  informants  together  would  r^ard  as 
a  connected  clinical  history  of  the  disease. 

He  did  not  see  the  earlier  symptoms,  and  hence  these  were 
of  necessity  learnt  from  other  persons.  Tlie  account,  therefore, 
of  these  symptoms  wais  to  Ik*  held  liable  to  future  correction  or 
m(Mlification. 

Camei*on  stated  that  he  learnt  this  disease  was  ciipable  of 
being  communicated  to  milkei's  by  inoculation  with  virus  from  the 
vesicles  on  tlie  teats,  though  the  milkers  on  the  Ilendon  farm 
escji[>ed.  **  A  trusty  informant  i-eceived  the  virus  into  a  recent 
scratch  on  the  forefinger  while  milking  a  diseased  cow.  General 
weakness,  malaise,  and  loss  of  apjietite  resultetl,  and  after  about 
four  or  five  days  a  vesi(?le  or  small  blister  ap|)eared  on  the  finger. 
This  broke,  and  several  othei's  f(n*ined  on  the  back  of  the  hand. 
The  whole  hand  and  fingei>;  te^ime  swollen  and  inflameil,  the 
inflamnuitiou  extending  in  broiid  lines  as  far  as  the  elbow.  The 
general  disturbance  lasted  a  fortnight." 

In  the  coui-se  of  the  inquiiy,  Cameron  adds  that  it  was 
sti*ongly  asserte<l  by  several  |>eople,  who  eicamined  the  cows,  that 
they  were  suffering  from  cow-j)ox.  lie,  however,  dismissed  the 
diagnosis  of  cow-pox  on  the  ground  that  no  papule  had  been 
observed  or  subse(|U(*nt  formation  of  pustule,  areola,  or  pitting,  and 
l>ecause  the  vesicles  were  not  umbilicated.  These  reasons  given 
for  dismissing  the  diagnosis  of  cow-pox  at  llendon  were  totally 
inadequate ;  a  comparison  having  been  made  between  the  characters 
of  the  erui)tion  of  vaccinui  as  it  ap{)ears  on  an  infant's  arm,  instead 
of  the  eruption  of  the  natural  or  so-called  spontaneous  disease  on 
the  teats  of  th(»  cow. 
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Klein  stated  that  on  the  teats  and  udders  of  two  cows  which 
he  investigated  there  were  sevei'al  flat  irregular  ulcers,  varying  in 
diameter  from  one-quarter  to  three-quarters  of  an  inch.  Some 
ulcers  were  more  or  less  circular,  others  extended  in  a  longitucUnal 
direction  on  the  teat.  The  ulcers  were  covered  with  a  l>rownish  or 
reddish-brown  scab.  The  animals  looked  thin,  but  not  strikingly  so. 
In  feeding  capacity,  milking  power,  and  body  temperature  there 
was  nothing  abnormal. 

Four  calves  were  inoculated  in  the  corium  of  the  groin  and  the 
inside  of  the  ear,  with  scrapings  from  the  ulcers  after  removal  of 
the  crusts.  In  one,  which  may  be  taken  as  an  example  of  the  result 
obtained,  there  was  vesiculation  at  the  margin  of  the  spot  inoculated, 
and  in  the  centre  the  commencement  of  the  formation  of  a  crust. 
On  the  seventh  day  each  sore  on  the  ear  had  enlarged  to  about 
half  an  inch  in  breadth,  and  was  covered  in  its  whole  extent  by 
a  brownish  crust.  On  the  eighteenth  day  they  jiad  all  healed  up 
and  become  converted  into  flat  scars. 

To  search  for  micro-organisms,  Klein  removed  the  crust 
from  an  ulcer  on  the  teat,  scraped  off  the  mast  suj)erficial  layer, 
squeezed  the  ulcer,  and  made  cover-glass  preparations.  Tubes  of 
nutrient  gelatine  and  nutrient  agar-agar  were  also  inoculated,  and 
a  streptococcus  was  isolated  which  in  morphological  and  cultural 
characters  agreed  with  those  of  Streptococcus  pyogeue.s. 

Two  calves  were  inoculated  in  the  groin  with  the  cultivated 
micro-organism.  One  calf  died  in  twenty-seven  days.  At  the 
necropsy  there  were  found  peritonitis,  and  ha?morrliagic  spots  on 
the  omentum ;  the  liver,  kidneys,  and  lungs  were  congested,  and 
there  were  petechisD  under  the  pleura,  and  i>ericarditis.  The  second 
calf  was  killed,  and  at  the  necropsy  the  lungs  and  kidneys  were 
congested,  and  there  were  hsemorrhagic  patches  on  the  spleen. 

In  these  cases,  the  post-mortem  appearances  and  anatomical 
features  recalled  to  Klein  the  lesions  of  scarlatina.  In  the 
kidney,  for  example,  the  cortex  was  congested,  and  there  were 
luemorrhages,  glomerulo-nephritLs,  and  granular  or  opaque  swelling 
of  the  epithelial  cells  and  infiltration  with  round  cells.  From  the 
blood  of  the  heart  the  streptococcus,  which  had  been  used  in  the 
inoculation,  was  recovered.  In  view  of  this  evidence  it  was  con- 
cluded that  the  streptococcus  was  the  virus  of  the  cow  disease,  and 
that  it  produced  in  calves  a  disease  very  closely  resembling  that  of 
scarlatina  in  man. 

Two  of  the  cows  selected  from  the  Ilendon  farm  were  killed, 
and  it  was  observed  in  one  that  the  lungs  were  congested,  and 
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that  there  were  numerouH  adhefiions  by  recent  Hoft  lymph  between 
the  lower  lobes  of  the  lung  and  the  costal  pleura.  In  the 
liver  there  were  several  reddish  streaks  and  patches.  The  spleen 
and  kidneys,  with  the  exception  of  slight  congestion,  appeared 
normal. 

Sections  of  the  kidney  showed  well-marked  glomerulo-nephritis 
and  infiltration  of  the  sheath  of  the  cortical  arterioles  with  numerous 
round  cells.  The  epithelium  of  the  convoluted  tubules  was  swollen, 
opaque,  and  in  many  places  disintegrating. 

In  the  other  cow  there  was  great  congestion  of  the  lungs  and 
pleural  adhesions  ;  the  cortex  of  the  kidney  was  congested,  but  its 
medulla  was  |>ale. 

On  microscopic  examination  there  was  a  good  deal  of  round* 
celled  infiltration  in  the  walls  of  the  infundibula  and  bronchi  in  the 
lung,  and  round  the  arteiioles  in  the  kidney. 

In  sections  of  the  ulcers  on  the  teats,  the  corium  was  found  to  be 
infiltrated  throughout  the  whole  extent  of  the  ulcer  with  roimd 
cells.  In  the  sujjerficial  layers  of  the  stratum  Malpighi,  close  to 
the  stratum  lucidum,  as  also  in  the  stratum  lucidum  itself,  there 
wore  numerous  cavitie^s  of  different  sizes.  These  cavities  lay  side  by 
side,  the  most  su])erficial  ones  l>oing  covered  by  the  stratum  lucidum, 
or  extending  between  the  layers  of  this  stratum. 

At  the  marginal  parts  the  cavities,  although  placed  side  by  side, 
were  well  separated  from  one  another  by  thicker  or  thinner 
trabeculae,  composed  of  epithelium,  while  at  or  near  the  centre  of 
the  ulcer  these  trabeculaj  were  destroyed,  the  cavities  had  become 
confluent,  and  the  covering  layers  of  the  cuticle  having  here  also 
given  way,  their  wmtents  extended  on  to  the  free  surface  of  the 
ulcer.  In  short,  Klein  states  that  all  the  anatomical  details  of 
the  distribution  and  arrangement  of  these*  cavities  recalled  vividly 
the  conditions  observed  in  the  vesicles  of  cow-jiox.  Yet  as  a  result 
of  this  invt^stigation  he  concluded  that  the  cow  disease  at  Ilendon 
was  bovine  st^arhitina,  and  that  towards  its  study  and  supervision 
every  effort  ought  to  be  directeil  in  order  to  check  the  spread  of 
s(*arlet  fevt»r  in  man. 

As  a  result  of  tliis  conclusion,  the  Board  of  Agriculture  resolved 
to  have  the  whole  8ubje<jt  fully  investigated,  and  the  author  was 
directed  to  study  the  bacteriology  and  micro-pathology  of  this  disease 
and  to  re[)ort  tliereon.  Professor  Axe  investigated  the  origin  of 
the  outbreak  of  the  dise^ise  in  tlie  cows,  and  Professor  M'Fadyean 
carrieti  out  an  investigation  into  tlie  jx>ssibility  of  inoculating  cows 
with  the  virus  from  cases  of  scarlet  fever  in  man. 


MILK-SCARLATINA, 


The  Author's  lNVEBTiaATH)\. 


An  outbreak  of  an  eruptivR  iliseuse  of  the  teiits,  iilleged  to  be 
identical  with  the  BO-CAl1eil  Henduti  cow  dieeiuie,  was  raging  in  Hunip 
farms  in  Wiltshire.  In  thin  cuse  every  facility  was  given  by  the 
owner  of  the  estate  for  a  thorough  investigation  into  the  dtbease. 
Not  only  were  animals  sent  from  the  fai-ra  to  Lon<lon,  but  the 
author  waa  allowed  to  vixit  the  furmis,  to  ins[>ect  all  the  InfectMl 
animals,  and  to  make  every  iuvestigution,  with  the  hearty  co- 
operation of  the  bailiff  of  the  farms,  and  the  voluntary  ossiMtance 
of  the  head  cowmen  and  those  under  them.  Some  of  these  cowmen 
were  unusually  intelligent,  while  two  had  had  experience  of  cows 
for  more  than  half  a  centurj-.  Thim,  there  was  not  only  eveiy 
opportunity  for  studying  the  disease  on  the  lines  imlicated  by 
Klein,  but  it  was  jiossible  by  repeated  visits  to  the  farn)s  to  enter 
into  the  clinical  history  of  the  disease  in  the  cow,  to  study  vei'y  fully 
the  nature  of  the  disease  on  the  hands  of  the  milkers,  and  to  trace 
the  probable  mode  of  its  introduction  on  the  estate,  and  the  way  in 
which  it  spread  from  one  part  of  the  herd  to  another. 

Two  cows  were  sent  to  London  with  disease  of  the  teats  and  of 
the  udder  between  the  teats.  On  the  right  teats  of  one  there  were 
Dumeroiia  sores,  covered  with  crusts  varying  in  sii!e  and  in  thickness, 
and  generally  fissured.  In  some  they  were  flat,  in  others  conical  ; 
some  were  with  difficulty  removed  with  forceps,  othei-s  were  readily 
detached.  The  crusts  varied  in  colour  from  reddish -brown  to  very 
dark  brown  or  almost  bhtck.  Un  detaching  or  scraping  a  crust 
there  was  a  granulating  and  somewhat  indurated  base.  On  the 
right  anterior  teat  there  were  several  ulcers,  from  which  appa- 
rently the  thick  crusts  had  been  detached,  and  new  scabs  were 
forming.  On  the  left  posterior  teat  there  were  unusually  large, 
dark  brown,  or  blackish  crusts,  covering  a  very  extensive  areJi 
of  ulceration,  extending  over  the  whole  of  the  lower  third  of  the 
teat. 

In  the  other  cow  from  Wiltshire  there  was  the  same  disease  on 
the  teats,  but  not  in  such  a  severe  form.  Tlw  sores  were  covered 
with  thick  crusts,  but  though  varying  in  siioe  they  were  more 
rcf[ular  in  form,  and  more  circumscribed. 

Haviug  entirely  removed  the  crusts  fi-uui  some  of  the  ulcerx,  a 
number  of  inoculations  in  nutrient  gelatine  and  nutrient  agar-agar 
were  made  from  the  discbarge,  and  cover-glass  preparations  were 
made  and  stained  in  the  ordiuaiy  way.  Culture."  were  obtained  of 
the  organisms  commonly  found  in  pus. 
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With  the  discharge  and  with  scrapings  from  the  iilcerK  two 
calves  were  inoculated. 

Of  the  two  calves,  one  wiis  in(x;iilated  by  scarification  in  botli 
ears ;  the  other,  a  small  calf,  was  scarified  in  the  left  ear.  Scrapings 
from  the  ulcers  were  rublied  into  the  places  thus  prepared.  In 
addition,  in  the  small  calf  an  incision  was  made  through  the  ooriuui 
in  the  left  groin,  scrapings  from  different  ulcers  on  the  teatH  were 
well  rul)l>ed  in  with  the  blade  of  the  scalpel,  and  a  |)ortion  of  crust 
inserted  into  a  small  |Kx;ket  in  the  sul)cutaneous  tissue.  In  the  ears 
and  the  groin  there  were  positive  results.  In  the  large  brown  calf 
one  of  two  places  inoculated  in  the  right  ear  passed  through  the 
following  changes  :  On  the  thinl  day  there  was  apparent  vesiculation 
and  commencing  formation  of  crust.  From  day  to  day  the  crust 
thickened,  and  on  the  eighth  day  the  crust  was  at  its  height  and 
detached  at  its  edges.  By  removing  the  scab  an  ulcer  was  exposed  ; 
there  was  slight  inflammatory  thickening.  About  the  tliirteenth 
day  the  ulcer  had  (juite  healed. 

Very  similar  api)earances  resulted  in  the  ear  of  the  smaller  calf. 
Th(5  result  of  inocuLition  in  the  gn)in  was  of  a  very  much  severer 
character.  In  the  course  of  two  or  three  days  the  incision  had 
appai*ontly  commenced  to  heal  by  scabbing,  but  there  was  a  surround- 
ing area  which  was  inflamed,  and  painful  on  manipulation.  The 
inflammatory  thickening  which  result€<l  continued  to  increase  around 
the  seat  of  inoculation,  and  the  thickening  could  be  felt  to  extend 
deeply  into  the  groin.  Suppuration  followed,  and  on  firm  pressure 
pus  wellcnl  up  through  the  wound.  The  wound  then  showed  very 
little  (lisposition  to  heal,  and  the  calf  began  to  exhibit  marked 
constitutional  symptoms.  During  tlu^  second  week  after  inoculation 
the  animal  becanio  vtTy  dull,  and  was  reported  by  the  attendant  as 
r(*fusing  to  food.  Diarrhoea  supervened,  and  lasted  for  several  days, 
and  bloody  lU'ino  was  i)ass(Ml.  The  calf  was  also  notice<l  to  cough, 
and  the  cough  gradually  increjised  in  severity.  Thii*ty-six  days  after 
the  date  of  inoculation  it  was  deci<le(l  to  kill  the  calf  and  examine 
the  condition  of  the  viscera.  The  apjKUirances  which  wei'e  found 
at  the  jK>st-mortt^m  examination  were  as  follows  : — 

The  upper  and  middle  lobes  of  each  lung  were  adherent  to  the  walk 
of  the  chest ;  there  was  congestion,  especially  of  the  middle  lobe,  and 
patches  of  recent  adherent  lymph.  Posterior  parts  of  the  upper  lobes  of 
l)oth  lungs  were  completely  consolidated,  and  on  section  varied  in  colour 
from  brick-red  to  greyish-white.  The  interlobular  tissue  was  infiltrated 
with  inflammatory  products,  which  mapped  out  the  tissue  of  the  lung  in 
small  indurated  areas,  in  which  the  tissue  was  granular-looking  and  friable. 
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Theae  appearances  in  the  upper  lobes  were  due  to  septic  pleuro-pneumoniii. 
They  closely  resembled,  and  were  supposed  to  be  due  to,  infectious 
pleuro-pneumonia.  They  were,  however,  found  identical  with  the  con- 
dition observed  in  septic  pleuro-pneumonia  in  calves,  and  the  disease  was 
not  conveyed  by  infection  to  other  animals  in  the  same  stall.  Scattered 
through  the  other  lobes  of  both  lungs  were  white,  mostly  firm,  nodules 
raised  above  the  level  of  the  surface  of  the  lung.  They  were  surrounded 
by  a  zone  of  congestion,  and  in  some  cases  sections  were  composed  of 
indurated,  in  others  of  friable,  lung  tissue.  In  the  posterior  part  of  the 
right  upper  lobe  there  was  a  recent  infarct.  The  bronchial  glands  at  the 
roots  of  each  lung  were  enlarged  to  two  or  three  times  their  natural  size, 
and  were  firm  and  hard  on  section.  The  parietal  surface  of  the  pericardium 
was  covered  with  recent  adherent  Ijrmph.  The  visceral  surface  of  the 
pericardium  was  normal.  Along  the  external  surface  of  the  aorta  were 
chains  of  enlarged  lymphatic  glands  connected  by  dilated  lymphatic 
vessels.  These  glands  were  dark  red  or  purplish  in  colour,  from  haemor- 
rhage into  their  substance.  The  heart  was  normal,  and  the  endocardium 
not  stained.  There  were  chains  of  red  glands  on  the  oesophagus  similar 
to  those  along  the  aorta.  The  appearance  of  the  mesenteric  glands  was 
very  striking.  The  mesentery,  along  the  lymphatic  vessels,  was  dotted 
with  glands,  varying  in  size  from  a  large  shot  to  a  pea,  which  were  deep 
red  or  prune-coloured.  In  addition,  there  were  here  and  there  enlarged 
glands  without  haemorrhage  into  their  substance,  and  greyish  in  colour. 
There  were  scattered  petechia)  on  the  spleen.  The  kidneys  were  firm 
on  section,  and  there  was  marked  congestion  in  both,  while  it  was  more 
pronounced  in  one  kidney  than  the  other.  The  liver  was  congested,  the 
congestion  being  more  marked  in  patches. 

Sections  from  the  consolidated  upper  lobes  showed  under  the  micro- 
scope thickening  of  the  pleura  and  infiltration  with  round  cells.  The 
exudation  filled  the  alveoli,  and  was  breaking  down  in  some  cases  in  the 
centre.  The  vessels  were  injected,  and  there  were  haemorrhages  into  the 
alveoli.  The  periphery  of  the  lobules  was  infiltrated  with  round  ccIIh. 
In  sections  of  the  kidney  there  was  slight  infiltration  around  glomeruli 
and  arterioles  with  round  cells  ;  the  epithelium  in  the  convoluted  tubules 
was  granular  and  disintegrating ;  there  was  haemorrhage  in  the  straight 
tubules,  and  engorgement  of  vessels.  In  sections  of  liver  the  inter-  and 
intra-lobular  vessels  were  engorged  ;  there  were  interlobular  collections 
of  round  cells  displacing  the  liver  cells,  and  the  interlobular  connective 
tissue  was  infiltrated  with  round  cells  ;  the  liver  cells  were  granular  and 
cloudy. 

There  can  be  no  doubt  fi-om  the  symptom.s  and  post-mortem 
appearances  that  this  calf  had  Ijeeu  sufferiuf^  from  .septicaemia  as 
the  residt  of  introducing  the  septic  virus  and  crust  subcutaneously 
in  the  groin. 

The  two  Wiltshire  cows  were  killed,  and  there  was  nothing  of 
importance  to  note  in  one,  but  in  the  other  an  incision  into  the* 
udder  revealed  an  enormous  abscess. 
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Though  the  naked-eye  appearances  of  the  kidney  in  this  case 
were  practically  healthy,  the  results  of  examining  sections  of  the 
kidney  under  the  microscope  were  extremely  instructive  and  interest- 
ing, as  they  showed  that  marked  changes  had  taken  place  which 
were  indicative  of  septic  complication. 

The  sections  showed  glomerulo- nephritis ;  there  was  infiltration 
of  the  capsule  of  Bowman  with  round  cells  ;  there  was  infiltration 
also  of  the  sheaths  of  the  vessels  with  round  cells,  especially  in 
the  cortex.  The  blood-vessels  in  the  boundary  zone  of  the  medulla 
were  engorged,  the  arterioles  of  the  glomeruli  were  also  engorged, 
and  there  were  slight  haemorrhages  into  the  capsule.  The  epithelium 
of  the  convoluted  tubules  was  granular,  opaque,  and  in  some  parts 
breaking  down. 

Sections  of  the  ulcers  of  the  teats  of  these  cows  were  also 
carefully  examined,  and  the  appearances  corresponded  exactly  with 
the  description  given  by  Klein. 

On  visiting  the  farms  it  was  found  that  there  were  altogether 
about  a  hundred  and  sixty  cows.  Only  a  few  had  proved  refractory, 
and  had  not  taken  the  disease  at  all.  The  rest  had  contracted  the 
disease  in  varying  degrees  of  severity.  About  fifty  at  a  time  were 
dry,  and  they  escaped  until  they  were  in  milk  again.  The  milk 
was  drunk  on  the  farms  and  in  the  village,  and  a  quantity  was 
supplied  to  a  large  town.  Most  careful  inquiries  were  instituted  to 
ascertain  the  existence  of  scarlatina  among  consumers  of  the  milk. 
So  far  the  research  was  completely  analogous  to  the  Hendou 
investigation ;  but,  in  spite  of  the  contamination  of  the  milk,  no 
cases  of  scarlatina  were  found  either  on  the  farms  or  in  the  village, 
and  there  was  no  epidemic  in  the  town  in  which  the  milk  was 
distributed. 

The  disease,  in  fact,  was  cow-pox,  and  in  no  way  connected  with 
scarlet  fever ;  and  to  assist  others  who  may  undei'take  a  similar 
inquiry  the  details  will  now  be  given  of  the  author's  investigation 
into  the  nature  of  the  outbreak  in  Wiltshire. 

The  Disease  proved  to  be  Cow-pox. 

LocnlHy  of  the  Wiltshire  Outbreak. — There  is  considerable  interest 
attached  to  the  fact  that  the  farms  were  situated  a  few  miles  from 
Cricklade.  They  are  close  to  the  borders  of  Gloucestershire,  and  about 
twenty-five  miles  from  Berkeley.  They  are,  therefore,  within  that 
district  in  which  in  Jenner's  time  cow-pox  was  particularly  prevalent. 

Time  of  Year. — The  outbreak  commenced  alx)ut  the  end  of  September 
1886,  and  lasted  until  about  the  middle  of  December.     In  an  outbreak 
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in  1885,  a  few  miles  from  these  farms,  iSut  on  a  separate  estate,  the 
disease  appeared  in  June  and  Jaly. 

Origin  of  the  Outbreak, — The  author  made  careful  inquiries  as  to  the 
origin  of  the  outbreak,  but  beyond  ascertaining  with  certainty  that  the 
disease  appeared  first  at  one  farm,  and  was  conveyed  from  this  to  the 
other  farms,  all  evidence  was  negative.  The  milkers  were  unable  to 
Bay  whether  it  conmienced  in  one  particular  cow  or  whether  it  broke 
out  in  several  simultaneously. 

The  only  information  which  could  be  obtained,  which  was  very 
suggestive,  was  that  the  milkers  were  in  the  habit  of  receiving  their 
friends  from  neighbouring  farms  on  Sunday's.  The  friends  would  assist 
in  the  milking,  to  get  the  work  done  as  quickly  as  possible  on  these 
occasions.  As  it  was  reported  that  the  same  disease  had  occurred 
that  sunmier  on  a  neighbouring  farm,  it  is  quite  possible  that  it  was 
introduced  by  one  of  the  milkers*  friends. 

Mode  of  Dissemination. — When  the  disease  made  its  first  appearance, 
the  bailiff,  attributing  it  to  the  farm  being,  for  some  reason,  unhealthy, 
decided  to  remove  the  cows  to  other  farms.  The  herd  was  therefore 
diTided  and  sent  to  two  other  farms.  From  these  cows  the  disease  was 
communicated  to  healthy  cows,  and,  as  this  interchange  was  repeated, 
not  only  of  the  cows,  but  of  the  milkers,  the  disease  was  communicated 
to  four  separate  farms. 

In  all  cases  the  disease  was  limited  to  the  teats,  and  was  conveyed 
from  the  teats  of  a  diseased  cow  to  the  teats  of  a  healthy  cow  by  the 
hand  of  the  milker.  In  no  case  was  there  any  evidence  of  the  disease 
being  produced  in  healthy  cows  by  other  means  than  contact. 

Bulls  and  dry  cows  remained  free  from  the  disease,  while  the  cows 
in  milk,  numbering  about  a  hundred  and  twenty,  were  all  attacked,  with 
the  exception  of  about  a  dozen,  which  proved  to  be  entirely  refractory. 

These  facts  explain  how  it  is  that  the  disease  has  been  known  from 
time  inmiemorial  as  the  ^' cottvpox."  We  never  hear  of  cnttle-pox  or 
buU'pox.  We  have  not,  in  other  words,  to  deal  with  an  infectious 
disease  like  cattle-plague  or  pleuro-pneumonia,  but  with  a  disease  which 
is  communicated  solely  by  contact. 

The  disease  was  only  observed  in  the  cows  in  milk,  and  was  limited 
to  the  parts  which  come  in  contact  with  the  hand  of  the  milker.  The 
virus  was  mechanically  transferred  from  diseased  to  healthy  cows,  being 
communicated  to  all,  or  nearly  all,  the  animals  in  the  same  shed, 
whether  the  milker  had  vesicles  on  his  hand  or  not. 

Character  of  the  Eruption  on  the  Cow. — In  a  recent  case  which  was 
carefully  examined  the  teats  were  visibly  inflamed,  partly  red  and  partly 
Ihrid  in  colour.  On  each  teat  there  were  vesicles,  some  broken,  and 
others  which  appeared  to  be  just  forming.  In  other  cases  there  was 
nothing  more  than  the  remains  of  broken  and  dried  vesicles,  and  more 
or  lees  characteristic  crusts  on  the  teats. 

On  visiting  a  byre  at  the  time  that  the  cows  were  brought  in  to 
be  milked,  it  was  a  striking  sight  to  look  along  the  line  and  see  ono 
animal  after  another  affected  with  the  eruption  ;  and  thus  one  character 
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of  the  disease  was  clearly  ilhown— the  tendency  to  spread  through  a 
whole  herd. 

On  examining  the  eruption  carefully,  the  degree  of  severity  was 
found  to  differ  very  much  in  different  animals.  In  a  few  cases  the 
condition  was  most  distressing,  both  to  the  cow  and  to  the  observer.  In 
such  cases  the  teats  were  encrusted  with  huge,  dark  brown  or  blmok 
crusts,  which,  when  handled  in  milking,  were  broken  and  detached, 
exposing  a  bleeding,  suppurating,  ulcerated  base.  Such  ulcers  varied 
in  size  from  a  shilling  to  a  florin,  and  in  form  were  circular,  ovoid,  or 
irregular.  Weeks  afterwards,  when  the  animals  had  recovered,  the 
site  of  these  ulcers  was  marked  by  irregular  scars. 

All  the  milkers  agreed  as  to  the  general  characters  of  the  malady, 
laying  particular  stress  on  the  teats  being  red,  swollen,  and  painful  when 
handled.  Vesicles  would  then  appear  on  the  teats — two,  three,  four,  or 
more  on  each  teat.  They  were  soon  broken  in  milking,  and  irritated  into 
sores,  which  became  covered  with  thick  crusts.  From  four  to  six  weeks 
elapsed  before  they  had  entirely  healed.  Other  more  observant  milkers 
insisted  that  before  the  teats  were  red  and  swollen,  spots  or  pimples  first 
appeared  which  came  to  a  head.  This  head  increased  if  it  was  not  broken, 
which  might  be  the  case  if  it  was  situated  between  the  bases  of  the  teats, 
until  it  formed  a  greyish  vesicle  of  the  size  of  a  threepenny-piece  or 
even  larger. 

General  Symptom »  in  the  Cow. — As  to  the  general  condition  of  the  cows 
nothing  abnormal  was  observe.  They  appeared  in  the  best  of  health, 
and  in  only  one  particular  was  any  difference  from  their  condition  in 
health  stated  to  exist.  This  was,  that  in  the  majority  of  the  cases  there 
could  be  no  doubt  that  the  milk  had  diminished.  This  might  escape 
notice  by  inexperienced  milkers  in  any  particular  animal,  but  the  total 
amount  of  milk  supplied  by  the  herd  was  considerably  below  the  average. 

History  of  the  Eruption  rommuttinited  to  the  Mil  kern. — The  most  striking 
characteristic  of  this  outbreak  was  the  communicability  of  the  disease 
to  the  milkers.  A  milker,  with  vesicles  which  presented  typically  the 
characters  of  casual  cow-pox,  was  taken  to  London  and  kept  under 
ol)Aervation.  The  various  cases  will  be  described  in  the  order  in  which 
they  first  presented  themselves,  their  history  being  given  as  much  as 
possible  in  their  own  words. 

Case  I. — J.  R.,  milker,  informed  the  author  that  he  was  the  first  to  catch 
the  eruption  from  the  cows.  He  stated  that  it  came  as  a  hard,  painful  spot, 
which  formed  *'  matter  "  and  then  a  "  big  scab.*'  He  had  been  inoculated 
about  seven  weeks  previously.  He  pointed  to  the  scar  which  remained 
on  his  right  hand.  This  scar  presented  the  characters  of  an  irregular 
cicatrix,  indicating  considerable  loss  of  substance.  He  stated  that  he  had 
also  two  places  on  his  back,  where  he  supposes  he  had  inoculated  himself 
by  scratching.  He  had  continued  milking  ever  since,  but  had  had  no 
fresh  places. 

Case  II. — W.  H.,  milker.  He  stated  that  he  was  inoculated  from  the 
cows  about  the  same  time  as  J.  R.  They  were  the  two  milkers  of 
the  herd  in  which  the  cow-pox  first  made  its  appearance.    The  eruption 


AN   OUTBREAK   OF  COW-POX.  277 

i^ppeared  in  one  place  on  each  hand.  He  pointed  to  two  irregular  scars 
as  the  remains  of  the  eruption. 

Ga9E  III. — J.  L.)  milker,  stated  that  he  also  caught  the  disease  from 
the  cows.  On  his  right  hand  a  spot  appeared  which  formed  a  blister, 
then  discharged  matter  and  produced  a  bad  sore.  Lumps  formed  at  the 
bend  of  his  elbow  and  in  his  armpit.  He  lost  his  appetite,  felt  very 
poorly,  and  was  obliged  to  leave  oft  work  for  two  or  three  days. 

Case  IY. — W.  K.,  a  labourer  on  the  farm,  was  put  on  as  a  milker  to 
take  the  place  of  one  of  the  others  with  bad  hands.  After  his  fifth  or 
sixth  milking — that  is  to  say,  about  three  days  after  first  milking  the  cows, 
— pimples  appeared  on  his  hands,  which  liecame  blistered  and  then  ran  on 
to  bad  sores.  He  pointed  to  three  irregular  scars  on  the  first  and  third 
fingers  and  palm  of  the  right  hand.  Lumps  appeared  in  his  elbow  and  in 
his  armpit,  but  he  did  not  feel  very  poorly  in  consequence. 

Case  V. — J.  F.,  milker,  stated  that  about  a  month  ago  he  noticed 
spots  which  appeared  on  both  hands.  His  fingers  swelled  and  were  pain- 
ful. He  said  it  came  first  like  a  pimple,  and  felt  hard.  Then  it  '^  weeped 
out "  water  in  four  or  five  days.  There  were  red  marks  creeping  up  to 
his  arm.  There  was  a  sort  of  throbbing  pain,  and  he  could  not  sleep  at 
night.  On  the  right  hand  there  was  a  scar,  but  on  the '  left  hand  there 
was  an  nicer  about  the  size  of  a  shilling  covered  with  a  thick  black  crust. 
The  cmst  was  partially  detached,  and  exposed  a  granulating  ulcer.  It 
was  in  this  stage  the  exact  counterpart  of  the  ulcers  on  the  cow's  teats. 

Case  VI. — W.  H.,  junior,  milker,  stated  that  he  had  both  hands  bad 
about  a  month  previously  :  first  on  the  index  finger  of  the  left  hand, 
jLud  then  on  the  right  hand  on  his  knuckle  and  between  the  first  and 
second  fingers.  He  said  that  it  came  up  like  a  hard  pimple,  and  the 
finger  became  swollen  and  red.  After  a  few  days  it  **  weeped  out " 
water,  and  then  matter  came  away.  Both  his  arms  were  swollen,  but 
his  left  arm  was  the  worst.  About  a  fortnight  after,  he  noticed  kernels 
in  his  armpits,  which  were  painful  and  kept  him  awake  at  night.  His 
arms  became  worse,  he  could  not  raise  them,  and  he  had  to  give  up 
milking.  He  also  had  had  a  "  bad  place  "  on  the  lower  lip.  On  examina- 
tion, I  found  that  the  axillary  glands  were  still  enlarged  and  tender. 
He  volunteered  the  statement  that  the  places  were  just  like  the  sore 
teats. 

Case  VII. — J.  H.,  the  bailiffs  son,  also  milked  the  cows.  He  had 
a  sore  on  the  upper  lid  of  his  right  eye  and  on  his  left  hand.  In  both 
cases  he  had  been  previously  scratched  by  a  cat,  and  the  scratches  were 
inoenlated  from  the  cow*s  teats.  The  right  hand  also  had  been  inoculated. 
The  eruption  broke  out  a  fortnight  previously.  His  hands  were  swollen, 
red,  and  hot.  He  felt  very  poorly  and  went  to  l)ed.  Little  spots  like 
white  blisters  appeared  on  the  back  of  his  right  hand.  His  mother 
remarked  that  they  **roee  up  exactly  as  in  vaccination.''  Thick  dark 
brown  scabs  formed.  He  was  very  ill  for  two  or  three  days,  but  did  not 
send  for  a  doctor.  He  had  painful  lumps  at  the  bend  of  his  arm  and  in 
the  armpit.    He  gave  up  milking,  and  had  not  taken  to  it  since. 

On  examining  him,  the  thick  crusts  on  his  right  hand  were  identical 


278  INFECTIVE   DISEASES. 

with  the  stage  of  scabbing  in  vaccinia.    The  scabs  fell  off  in  about  three 
weeks  to  a  month,  and  left  peimanent,  depressed  scars. 

Case  YIII.— W.  P.,  milker.  This  case  was  pointed  out  on  the  occasion 
of  another  visit,  and  is  the  only  one  in  which  the  eruption  was  seen  in 
its  earlier  stages. 

The  history  of  this  boy  is  as  follows.  He  had  taken  the  place  of  one 
of  the  other  milkers  who  had  vesicles  on  his  fingers,  and  had  been  obliged 
to  give  up  milking.  After  the  seventh  time  of  milking  he  noticed  a 
small  pimple  on  his  right  cheek.  This  became  larger  and  vesicular. 
On  examination  it  presented  a  depressed  vesicle  with  a  small  central 
yellowish  crust  and  a  tumid  margin,  the  whole  being  surrounded  by  a 
well-marked  areola  and  considerable  surrounding  induration.  On  raising 
the  central  incrustation  a  crater-like  excavation  was  seen,  in  which 
lymph  welled  up  and  trickled  down  the  boy's  cheek.  On  the  following 
day  the  crust  had  re-formed,  and  was  studded  with  coagulated  Ijrmph. 
The  areola  became  more  marked,  and  on  pricking  the  margin  of  the 
vesicle,  the  exuding  contents  were  slightly  turbid. 

From  this  day  the  surrounding  infiltration  increased  enormously, 
the  whole  cheek  was  infiamed,  and  the  eyelids  so  oedematous  that  the 
eye  was  almost  closed.  There  was  enlargement  of  the  neighbouring 
lymphatic  glands.  The  crust  which  had  re-formed  thickened  day  by  day. 
It  retained  the  character  of  central  depression,  and  was  situated  on  a 
reddened,  raised,  and  indurated  base  (Plate  YII.). 

From  this  date  the  surrounding  induration  gradually  diminished. 
The  crust  changed  in  colour  from  dark  brown  to  black,  and  finally 
fell  off,  leaving  an  irregular,  depressed  scar.  This  scar,  when  seen  several 
months  afterwards,  was  found  to  be  a  permanent  disfigurement.  The 
eruption  appeared  on  the  fourth  day  after  exposure  to  infection,  and 
allowing  two  days  for  incubation,  the  vesicle  was  at  its  height  on  the 
seventh  or  eighth  day,  and  a  typical  tamarind- stone  crust  fell  off  on 
the  twenty-first  day  after  infection,  leaving  a  depressed,  irregular 
cicatrix. 

A  vesicle  also  formed  on  the  thumb  of  the  left  hand.  Two  days 
after  the  pimple  appeared  on  his  cheek,  the  lad  said  that  he  first  noticed 
a  pimple  on  his  thumb,  and  tliis,  on  examination,  presented  a  greyish 
flattened  vesicle,  about  the  size  of  a  sixpence.  Later,  its  vesicular 
character  was  much  more  marked,  and  a  little  central  crust  had  com- 
menced to  form.  The  margins  l)ecame  very  tumid,  giving  it  a  marked 
appearance  of  central  depression.  The  vesicle  was  punctured  at  its 
margin  with  a  clean  needle,  and  from  the  beads  of  lymph  which  exuded 
a  number  of  capillary  tul>e8  were  filled. 

Two  days  afterwards  suppuration  had  commenced,  the  vesicle  con- 
tained a  turbid  fluid,  and  the  areola  was  well  marked.  Later,  the  crust 
had  assumed  a  peculiar  slate-coloured  hue,  and,  on  pressing  it,  pus 
welled  up  through  a  central  fissure.  The  areola  had  increased,  and 
there  was  considerable  inflammatory  thickening.  The  lymphatic  glands 
in  the  armpit  were  enlarged  and  painful  Though  there  was  deep 
ulceration,  which  left  a  permanent  scar,  the  ulceration  did  not  assume 


DESCRIPTION    OF    PLATE    VII. 
Casual  Cow-pox. 

Fio.  1. — Case  of  W.  V ,  a  milker,  infected  from  the  teats  of  a  cow  with 

natural  cow-pox.  There  was  a  large  depressed  vesicle  with  a  smaU 
central  crust  and  a  tumid  margin,  the  whole  being  sorroanded  by  a 
well-marked  areola  and  considerable  surrounding  induration. 

Fio.  2. — The  same  case  a  week  later,  showing  a  reddish-brown  crust  on  a 
reddened  elevated  and  indurated  base. 
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qaite  so  severe  a  character  as  in  some  of  the  other  milkers.  Possibly 
this  may  be  accounted  for  to  some  extent  by  the  fact  that  the  pock  was 
covered  with  a  simple  dressing  instead  of  being  subjected  to  the  irritation 
and  injury  incidental  to  working  on  the  farm. 

Revaccination  of  the  Milkers. — There  were  in  all  eight  milkers,  varying 
in  age  from  seventeen  to  fifty-five,  who  had  vesicles  on  their  hands 
from  milking  the  cows.  Seven  had  been  vaccinated  in  infancy,  but  not 
since  ;  one  had  been  revaocinatod  on  entering  the  navy  at  fifteen.  They 
were  all  revaccinated  by  a  pul^lic  vaccinator  after  complete  recovery 
from  the  casual  cow-pox  (that  is  to  say,  from  three  to  four  months 
afterwards),  and  were  all  completely  protected.  On  the  other  hand, 
two  of  the  three  milkers  who  had  escaped  infection  from  the  casual 
cow-pox  were  also  vaccinated,  with  the  result  in  one  of  typical 
revaccination,  in  the  other  of  very  considerable  local  irritation. 

Retro-vaccination  of  Calves. — The  result  of  retro-vaccinating  calves  with 
the  humanised  lymph  was  strictly  in  accordance  with  the  experience  of 
Ceely,  who  has  pointed  out  that  in  retro- vaccination  from  the  milker's 
hands  the  results  are  doubtful,  and  depend  greatly  on  the  animals  selected. 
*' Those  of  a  light  colour  and  with  thin  skins  were  generally  preferred, 
but  often  without  avail,  scarcely  one-half  of  the  operations  succeeding.*' 
'<  Vaccine  lymph,  in  passing  from  the  cow  to  man,  undergoes  a  change 
which  renders  it  less  acceptable  and  less  energetic  on  being  returned  to 
many  individuals  of  the  class  producing  it ;  some  refuse  it  altogether." 
Two  cases  out  of  four  succeeded,  and  an  eruption  was  produced  with 
all  the  typical  characters  of  vaccinia,  but  running  rather  a  rapid  course, 
and  the  protection  passing  off  after  a  few  weeks,  while  the  result 
obtained  in  calves  inoculated  with  pus  or  scrapers  from  ulcers  was  in 
accordance  with  what  is  well  known  to  occur  if  pus  instead  of  lymph 
is  taken  for  carrying  on  calf  to  calf  vaccination. 

That  the  cow-pox  in  Wiltshire  was  identical  with  the  so-called 
Heudon  cow-disease  there  can  bo  little  room  for  doubt,  for  in  both 
cases  we  find  that — 

1.  The  disease  spread  through  a  whole  herd  of  milch  cows. 

2.  The  disease  was  characterised  by  the  appearahce  of  vesiclas, 
which  were  broken  by  the  hand  of  the  milker,  and  irritate<l  into 
deep  ulcerations. 

3.  The  disease  was  conveyed  from  one  cow  to  another  by  the 
hand  of  the  milker. 

4.  The  vesicular  eruption  was  communicable  to  the  hand  of 
the  milker. 

5.  The  disease  was  not  fatal,  and  in  cows  which  w^ere  killed  and 
examined  the  post-mortem  appearances  could  not  be  distinguished 
from  accidental  complications. 

6.  The  naked-eye  appearances  and  the  duration  of  the  ulcers  of 
the  teats  were  the  same. 
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7.  Sections  of  the  ulcers  showe<l  under  the  microscope  identical 
appeai-ances  of  a  cellular  character,  and  the  purulent  discharge  of 
the  ulcers  contained  pyogenic  cocci. 

8.  The  results  productnl  by  inoculation  of  calves  with  the  septic 
virus  were  identical. 

If  we  examine  the  chain  of  argument  which  has  been  brought 
forward  to  maintain  the  existence  of  /X)w -scarlatina  at  Hendon,  we 
find  that  it  was  urged  : — 

1.  That  the  Heudon  cow  disease  was  a  disease  in  which  the 
past- mortem  appearances  resembled  scarlatina. 

2.  That  this  disease  was  associated  with  a  streptococcus,  which 
produced,  by  inoculation  in  calves,  a  disease  with  post-mortem 
api>earances  similar  to  those  of  the  llendon  cows. 

3.  That  a  sti*eptococcus  regardeil  as  identical  with  the  one 
alx)ve  mentioned  was  foimd  in  certain  cases  of  scarlatina  in  man, 
which  when  inoculate<l  in  calves  produced  post-mortem  ap{>earance8 
similar  to  the  post-mortem  appearances  in  the  original  Hendon  cows 
and  in  certain  cases  of  scarlatina  in  man. 

But  the  microKCopicjil  appearances  of  the  kidney  of  a  Wiltshire 
cow  were  identical  with  those  which  were  regarded  as  indicating 
scarlatina  in  a  Hendon  cow;  and,  indeed,  the  statements  as  to  the 
jM>st- mortem  appearances  in  the  Hendon  cows,  when  studiefl,  not 
only  do  not  necessarily  indicate  scarlatina,  but  they  cannot  even  1>p 
consi<lered  of  primary  import^mco,  or  as  thi-owing  much  light  on  the 
(juestion  of  scarlatina  at  all.  The  descripti(m  of  the  iiakod-eyo 
aj)|M»aranc(»s  in  both  cows  only  suggests  coincident  pleurisy  or 
pleurisy  with  pn(»Tunonia.  The  microscopical  apj>earances  in  both 
wen^  suggestive  of  septic  complication. 

A  careful  examination  of  the  post-mortem  appearances  of  calves 
inoculated  with  scraping  of  an  ulcer  of  a  Hendon  cow,  or  with 
cultivations  of  the  streptococcus  from  certain  cases  of  scarlatina, 
brings  to  light  much  more  striking  changas.  These  apjiearances, 
however,  cannot  bo  regarded  as  indicative  of  scarlatina.  They  are 
in  reality  the  post-mortem  apiM»arances  of  septic  poisoning,  and 
(K cur  commonly  in  many  diseasi^s.  This  is  clearly  shown  by  com- 
paring the  post-mortem  appearances  in  the  calf  which  was  killeil 
while  suffering  from  septicemia  as  the  result  of  inoculation  fi-om 
the  ulctM-s  of  a  Wiltshire  cow.  These  visceral  changes  are  not  to 
lx»  distinguished  from  the  {xxst-mortem  ajipearnnces  descril)ed  in 
the  calves  inoculated  by  Klein.      Consequently,  that  the   strepto- 
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COCCUS  found  in  certain  cases  of  scarlet  fever  should  produce  on 
inoculation  in  calves  certain  post-mortem  appearances  which  are 
found  in  many  diseases,  and  should  fail  to  produce  fever,  ulceration 
of  the  tonsils,  or  scarlatinal  rash,  or  any  condition  in  the  least 
resembling,  clinically,  the  disease  in  man,  and  yet  that  the  result 
should  be  regarded  as  scarlatina  in  the  calf,  is  a  conclusion  quite 
untenable. 

It  ifi  true  that  visceral  lesions  similar  in  character  were  produced 
in  calves  whether  inoculated  with  scrapings  or  with  streptococci  from 
ulcers  of  the  Hendon  cows  or  with  streptococci  from  certain  cases  of 
scarlet  fever.  In  both  cases  the  streptococcus  is  pathogenic,  and 
inoculation  of  Streptococcus  pyogenes  or  the  inoculation  of  septic 
virus,  is  liable  to  produce  septicaemia.  Thase  facts  constitute  a  mass 
of  evidence  which  justifies  the  conviction  that  the  pathologicjil  data 
which  api)eared  to  support  the  theory  that  the  vesicular  disease  of 
the  teats  of  cows  at  Ilendon  was  scjirlatina  in  the  c^w,  a<lmit  of  an 
entirely  different  interpretation,  and  there  can  l>e  no  longer  any 
doubt  that  the  milk  was  not  infected  by  the  cows  but  with  the  virus 
of  scarlet  fetter  from  some  human  source  which  Mr.  Power  failed  to 
discover. 

All  the  other  evidence  reported  to  the  Board  of  Agriculture  pointed 
to  the  same  conclusion.  The  disease  at  Ilendon  was  admittedlv 
introduced  fi'om  Derbyshire ;  and  from  Professor  Axe's  report  it 
appears  that  only  a  part  of  the  herd  was  sold  to  the  farmer  at 
Hendon;  other  cows  with  the  same  eruption  were  transferred  to 
other  dairy  farms,  and  the  disease  communicated  to  healthy  cows  as 
at  Hendon,  but  in  no  instance  did  scarlet  fever  occur  among  the 
consumers  of  the  milk.  At  the  farm  of  the  brother  of  the  dealer  the 
disease  was  communicated  to  thi*ee  of  the  milkers,  and  the  eruption 
diagnosed  by  Dr.  Bates  as  vaccinia. 

All  this  evidence  must  be  regarded  as  conclusive.  The  con- 
tamination of  the  milk  at  Hendon  with  scarlet  fever  must  neces- 
sarily have  been  a  mere  coincidence ;  and  the  conclusion  that 
the  milk  could  not  possibly  have  become  infected  from  any 
human  source  is  untenable.  Professor  Axe  even  ascertjiined 
that  scarlet  fever  existed  at  Hendon  during  several  months  of 
1885,  and  that  the  dwellings  where  cases  occurred  stood  within  six 
hundred  yards  of  the  cowsheds  which  contained  the  incriminated 
cows,  and  that  out  of  fourteen  men  on  the  farm  six  lived  in 
a  district  where  cases  occurred.  Profassor  Axe  has  also  stated 
that  the  father  and  brother  of  a  girl  with  scarlet  fever,  visited  the 
dairy  during  her  illness.     Whether  any  of   those  engaged  on  the 
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farm  suffered  from  latent  scarlet  fever  does  not  appear  to  have 
been  ascertained. 

There  is,  it  is  true,  no  evidence  to  show  that  any  one  daily  carried 
infection  to  the  milk,  but  the  exact  path  of  infection  is  not  always 
easy  to  trace ;  and  because  it  was  not  actually  traced  it  was  hardly 
reasonable  to  assume  that  the  possibility  of  contamination  from  a 
human  source  could  be  altogether  eliminated. 

In  •  attempting  to  communicate  scarlet  fever  to  cows  Professor 
M*Fadyean  confirmed  the  negative  results  which  had  been  experi- 
enced in  some  earlier  experiments  by  Klein.  In  1882  Klein 
inoculated  and  fed  cows  and  yearling  heifers  with  diseased  products 
from  human  patients,  using  desquamated  cuticle  and  the  discharges 
from  the  throat ;  but  the  experiments  all  failed.  M'Fadyean's 
failures  were  still  more  marked.  Cows  and  calves  were  inoculated 
with  blood  from  scarlet  fever  patients,  and  they  were  made  to  drink 
water  thickened  with  desquamated  cuticle,  but  all  the  experiments 
proved  unsuccessful. 

The  author  believes  that  the  outbreak  at  Hendon  was  one 
of  cow-pox,  which  was  prevalent  in  this  country  in  1886.  The 
outbreak  in  Wiltshire  could  not  be  distinguished  bacteriologically 
or  clinically  or  in  its  micropathology,  from  the  disease  at  Hendon, 
and  the  Wiltshire  outbreak  proved  on  investigation  to  be  true  cow- 
pox.  This  conclusion  was  questioned  at  the  time,  as  cow-pox  was 
generally  believed  to  be  extinct  in  England ;  but  that  view  is 
entirely  fallacious,  and  the  author's  conclusions  have  since  been  fully 
confirmed  by  indej)endent  observers,  whose  work  will  be  referred  to 
in  another  chapter  (p.  321). 

Stamping-out  System. — The  Notification  Act  of  1890  may  lie 
voluntarily  adopted  in  sanitary  districts,  but  it  would  be  a  great 
advantage  if  notification  were  carried  out  uniformly  all  over  the 
country.  Prompt  information  may  lead  to  detecting  the  origin  of 
cases  of  scarlet  fever,  and  isolation  and  disinfection  will  assist  in  pre- 
venting its  spread.  Epidemics  have  occurred  on  a  large  scale  owing 
to  scarlet  fever  existing  among  those  engaged  in  dairy  work,  and 
the  precaution  not  being  taken  of  stopping  the  milk  supplieii  to  the 
consumers.  Scarlet  fever  cannot  be  so  readily  controlled  as  small- 
pox, for  it  may  be  spread  by  mild  aises  l>efore  the  nature  of  the 
disease  is  suspected,  and  small-pox  cannot  be  conveyed  in  milk. 
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Measles. 


Measles  is  a  contagious  disease  peculiar  to  man.  It  lasts  for 
one  or  two  weeks,  and  produces  fever,  catarrh  of  the  respiratory 
mucous  membrane,  and  a  characteristic  rash.  It  is  highly  contagious, 
especially  before  the  nature  of  the  disease  is  revealed;  there  is 
consequently  great  difficulty  in  preventing  its  spread  in  schools 
and  households.  The  contagium  appears  to  be  given  off  from  the 
body,  principally  if  not  entirely,  by  the  breath.  One  attack  is  pro- 
tective against  future  attacks.  The  whole  population  of  a  country 
may  acquire  a  certain  degree  of  immunity.  Measles  introduced  into 
countries  where  it  was  previously  unknown  assumes  a  most  malig- 
nant form.     There  are  no  characteristic  post-mortem  appearances. 

Bacteria  in  Measles. — Micrococci  have  been  found  in  the 
blood,  cataiThal  exudation,  and  skin,  by  Keating,  Bab^s,  and  others, 
but  they  are  accidental  epiphytes  of  no  importance,  or  associated 
with  secondary  complications,  as  in  scarlet  fever. 

Canon  and  Pielicke  have  found  in  the  blood  small  bacilli  varying 
in  form.  They  do  not  grow  on  nutrient  agar  or  blood  serum,  but 
cultures  were  obtained  by  pricking  the  finger  of  a  patient  suffering 
from  measles,  and  allowing  the  blood  to  drop  into  sterilised  broth. 
After  a  few  days  the  broth  became  cloudy,  and  later,  a  fiocculent 
deposit  formed.  The  bacilli  were  also  obtained  from  the  nasal  and 
conjunctival  secretions.  The  nature  of  the  contagium  of  measles 
is  unknown. 

Stamping-out  System. — Measles  is  not  easily  controlled  by  the 
stamping-out  system ;  it  is,  in  fact,  extremely  difficult,  almost  impos- 
sible, to  prevent  its  spread,  as  it  is  especially  infectious  during  the 
period  of  incubation.  Notification,  isolation,  and  disinfection  assist  in 
controlling  an  epidemic,  but  the  value  of  the  system  does  not  apply 
to  the  same  extent  in  measles  as  in  other  infectious  diseases. 
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SMALL-POX. —  CATTLE   PLAGUE. 

Small-pox. 

■ 

Hm ALL-POX  Ik  an  infections  and  inoculablo  diHeaHe  of  man,  charac- 
terised by  sudden  and  severe  fever,  followe<l  in  forty-eight  hours  by  a 
cliaracteristic  papular  eruption  which  gradually  becomes  vesicular 
and  then  pustular.  The  virus  i^  contained  in  the  vesicles,  and  in  a 
concentrated  form  in  mature  pustules.  It  also  passes  into  the  air 
from  the  breath  and  skin.  Infection  may  occur  from  the  dead  body, 
and  clothes  and  bedding  may  retain  the  contagium  for  months. 
One  attack,  as  a  rule,  gives  immunity  against  future  attacks. 

Small- pox  is  undoubtedly  a  disease  foreign  to  this  country.  Its 
home  is  in  the  East.  Some  of  the  old  writers  held  that  it  spread  to 
Europe  from  Alexandria  about  the  year  640  a.d.,  following  in  the 
wake  of  the  Arab  concjuests  in  Egypt,  Palestine,  Persia,  along  the 
Asiatic  coiist,  tlirough  Lycia,  Gallicia,  along  the  coast  of  Africa, 
and  across  the  Medit(»rranoan  U)  Spain  ;  others  maintained  that  it 
was  not  intnxluced  until  the  end  of  the  eleventh  or  beginning  of  the 
twelfth  century,  by  the  returning  Crusaders.  At  any  rate,  small- 
pox was  imported  from  the  East,  and  pi-obably  from  Egypt.  Hero- 
dotus, who  visited  Egypt,  leads  us  to  infer  that  epidemics  were 
unknown  there  during  the  rule  of  the  Pharaohs ;  but  Egypt 
undoubtedly  became  a  hotbed  of  pestilence  during  the  Mohammedan 
occupation.  Prosper  Alpinus  imagined  that  both  the  plague  and  the 
small -pox  were  concocted  in  the  putrid  waters  of  the  Nile,  but  he 
would  probably  have  been  more  correct  if  he  had  suggested  that 
tlu^y  arose  from  the  insanitary  condition  of  the  Arab  conquerors 
and  their  filthy  camp  followers,  who  did  their  best  to  destroy  all 
that  remained  of  that  magnificent  civilisiition  which  had  existed  in 
the  days  of  the  ancient  Egyptians. 

We  do  not  know  the  exact  pericxl  at  which  small-pox  was  first 
imported  into  England,  and  the  records  of  the  disease  are  very 
meagre  until  the  sixteenth  century. 
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Id  1593  Simon  Eellwaye  appended  to  his  work  on  the  Flngiie 
iL  ttboi't  treatiue  on  tlie  amiill-pox.  "  Uftentiinea,"  lie  wrote,  "  tbutw 
that  lire  infected  with  the  plague  are  in  the  end  of  the  diiseoae 
sunietimes  troubled  with  the  small  pocka  or  meagels,  as  also  by  good 
observation  it  hath  l>een  seen  that  they  are  foi-o-runnera  or  warnings  of 
the  plague  to  come."  According  to  Kellwaye  the  ilisease  ai'OBe  from 
the  "  exci-eraente  uf  all  the  foul  humours  in  our  botlies,  which  striving 
with  the  purest  doth  cause  a  Buperuuturnl  heat  and  ebullition  of  our 
blood,  atwnya  beginning  with  a  feaver  in  the  most  part." 

Small-pox  fiteadily  increo-seil  in  tlie  seventeenth  century  until  it  was 
a  formidable  scoui'ge,  for  no  advantage  wn»  taken  of  all  the  experi- 
ence which  had  been  gained  in  dealing  with  the  plague.  No  public 
measin'es  were  adopted  to  cope  with  the  disease,  and  the  people  came 
to  regard  the  new  pestilence  as  a  visitation  which  was  unavoidable. 
Early  in  the  eighteenth  century,  small-pox  inoculation  was  introduced, 
and  this  was  superseded  in  the  nineteenth  century  by  vaccination, 

Examination  of  small-pox  citses  after  death  does  not  I'Cveal  any 
characteristic  lesions  in  the  internal  organs,  but  sections  of  small- 
pox vesicles  show  un  impoi-tant  structure.  A  vesicle  is  formed  by 
the  exudation  raising  up  the  outer  layer  of  epidermis,  and  the  chief 
feature  is  the  formation  of  a  vacuolated  stwictui-e  in  wliich,  especially 
in  the  later  stages,  bacteria  are  found  in  abundance. 

Bacteria  in  Small-pox. — Cohn  and  Weigert  found  cocci  in 
variolous  lynipb.  lllava  found  Btreptococcus  pyogenes  iu  the  pustules, 
and  Garre  streptococci  in  the  internal  organs  in  a  cise  of  varioln 
hteniorrhagica.  In  a  fatal  cose  of  variola  complicated  with  [lemptiigus 
Garr6  found  a  streptococcus  in  the  pempliigus  vesicles.  Klein 
and  Copeman  have  found  a  small  bacillus  which  they  regai-d  wi 
cluiructeristic,  but  it«  biological  charactei-s  are  unkiuiwn,  us  it  will 
not  grow  on  any  nutrient  media.  The  bacteria  commonly  found  in 
variolous  pus  are  the  usual  pyogenic  organisms.  The  nature  of 
the  contiigium  of   small-pox  is  unknown. 

Protective  Inoculation.— Ex^ierieuce  hud  tiiught  that  u  person 
was  not,  as  a  rule,  attacked  with  small-pox  a  second  time ;  but  when 
and  how  the  method  of  ai-tificiully  inducing  a  mild  form  of  the 
disease  was  discovered,  or  when  this  preventive  treatment  was  first 
employed,  is  unknown.  Avicennu  of  Bokhara  was  credited  with  the 
discovery,  and  it  wue  supposed  that  the  practice  was  carried  l>y 
Tartar  and  Chinese  tradei-s  to  Sui-at,  Bengal,  and  China,  and  by 
the  Mahoramedan  pilgi'ims  to  Mecca.  In  Constantinople  it  was 
supposed  by  some  to  have  been  intrixluced  fi-om  the  Morea  by 
an   old  woman,  and  by  others  by  the  women  of   Circussia.     The 
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Circassian  women  fastened  three  needles  together,  and  pricked  the 
skin  over  the  pit  of  the  stomach  and  heart,  the  navel,  the  right 
wi*ist,  and  the  left  ankle.  The  variolous  matter  was  applied  to  the 
bleeding  points,  and  the  eruption  came  out  in  five  or  six  days.  In 
Constantinople  scarifications  were  made  on  the  forehead,  wrists, 
and  legs,  and  carefully  selected  virus  applied  to  the  incifdons.  The 
needle  used  was  a  three-edged  surgeon's  needle,, or  the  operation  was 
performed  with  a  lancet.  The  virus  was  obtained  by  pricking  the 
vesicles,  and  pressing  out  the  matter  into  a  clean  glass  vessel  The 
Armenians  prefen*ed  to  be  inoculated  in  both  thighs.  In  Barbary 
a  slight  wound  was  made  between  the  thumb  and  forefinger,  and 
the  virus  obtained  from  a  mild  form  of  small-pox.  In  Hindustan 
the  operation  was  performed  at  certain  seasons  of  the  year,  and  a 
preparatory  regimen  enforced.  The  inoculators  were  very  careful 
in  the  selection  of  the  virus,  as  they  had  learnt  its  varying  intensity, 
and  they  were  credited  with  being  able  to  control  the  amount  of 
the  eruption.  They  preferred  to  inoculate  the  outside  of  the  arm, 
midway  between  the  wrist  and  the  elbow  in  males,  and  between  the 
elbow  and  the  shocrlder  in  females.  The  skin  over  the  part  to  be 
inoculated  was  first  well  rubbed  with  a  piece  of  cloth ;  then,  with 
slight  touches  of  a  small  instrument,  little  wounds  were  made  over 
an  area  which  might  be  covered  by  a  small  coin,  and  sufficient  to 
cause  just  an  appearance  of  blood.  A  pledget  of  cotton-wool 
charged  with  the  variolous  matter,  and  moistened  with  water,  was 
applied  to  the  wound.  This  virus  was  obtained  from  inoculated 
pustules  of  the  preceding  year. 

In  China  the  contents  of  the  variolous  pustules  were  dried  and 
kept  for  several  years.  If  the  virus  was  to  be  useil  from  fresh 
pustules  the  "  acrimony  "  of  the  matter  was  coiTected  by  steaming. 
The  dried  powder  was  made  into  a  paste,  which  was  wrapped  up  in 
cotton -wool  and  introduced  into  the  nostril. 

The  Greeks  were  more  cautious  in  their  procedure,  and  were 
said  to  inoculate  tens  of  thousands  without  an  accident.  They 
operated  only  upon  those  in  perfect  health,  punctures  were  made 
with  needles,  and  the  virus  was  used  in  the  crude  state,  freshly 
obtained  from  the  "  kindly  "  pustules  of  a  young  child.  They  were 
particularly  careful  in  the  choice  of  the  **  ferment." 

Dr.  Perrot  Williams,  in  1722,  wrote  that  the  practice  of  com- 
municating small-pox  had  long  been  employed  in  South  Wales.  The 
oldest  inhabitants  said  that  it  had  been  a  common  practice  with 
them  "time  out  of  mind,"  but  Lady  Mary  Wortley  Montagu  was 
responsible  for  the  general  adoption  of  small-po^   inoculation   in 
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England  by  persuading  physicians  in  London  to  employ  it.  Lady 
Mary  had  her  child  inoculated  in  Turkey.  An  old  Greek  woman  inocu- 
lated one  arm,  and  Mr.  Maitland,  surgeon  to  the  Embassy,  the  other. 
The  disease  ensued  in  due  course  with  an  eruption  of  a  hundred 
pustules.  This  was  the  first  time  that  the  Byzantine  method  of 
inoculation  was  performed  upon  an  English  subject.  In  1721  Dr. 
Harris  delivered  a  lecture  before  the  College  of  Physicians,  and 
described  the  successful  inoculation  of  four  children  of  the  French 
consul  at  Aleppo,  by  means  of  a  thread  imbued  with  variolous  pus. 
A  daughter  of  Lady  Mary  was  inoculated  in  England  by  Maitland  in 
1721,  and  subsequently  a  number  of  criminals  were  inoculated  by 
him.  Incisions  were  made  through  the  cutis,  and  pledgets  which  had 
been  steeped  in  variolous  pus  from  ripe  pustules,  were  applied  to  the 
wound.  This  was  known  as  Maitland's  or  the  reformed  operation, 
but  it  was  soon  modified,  as  troublesome  ulcers  resulted.  Shortly 
afterwards  Maitland  encountered  another  obstacle.  The  child  of  a 
Mr.  Batt  was  inoculated,  had  plenty  of  pustules,  and  soon  recovered, 
but  six  of  Mr.  Batt's  domestic  servants,  "  who  all  in  turn  were 
wont  to  hug  this  child  while  under  this  o{>eration,  and  whilst  the 
pustules  were  out,  never  suspecting  them  to  be  infectious,  were  all 
seized  at  once  with  the  right  natural  small- pox  of  several  and  very 
different  kinds." 

Dr.  Jurin  in  1729  reverted  to  the  Eastern  method,  and  recom- 
mended virus  from  a  mild  case  of  small-pox,  but  the  virus  was  still 
taken  from  perfectly  maturated  pustules,  and  the  operation  continued 
to  be  followed  by  bad  results.  In  order  to  diminish  the  risks.  Burgess 
in  1766  advocated  certain  improvements.  An  incision  about  an  inch 
long  was  made  on  each  arm  through  the  cuticle,  but  not  so  deep  as 
to  wound  the  cellular  tissue.  A  variolous  thread  was  laid  along  the 
whole  length  of  the  wound  and  fixed  with  plaster.  Ulcerations  and 
other  accidents  continued  to  take  place,  and  a  new  epoch  in  the 
history  of  inoculation  was  the  introduction  of  the  Suttonian  methml, 
in  1764-6. 

It  was  said  that  Mr.  Sutton,  with  his  assistants,  inoculated 
one  hundred  thousand  persons.  The  method  was  kept  secret  at  first, 
but  the  essential  points  were  all  discovered  and  published  by  Dr. 
Dimsdale.  Dimsdale  recommended  a  very  slight  puncture  with  a 
lancet  wet  with  variolous  matter.  Subsequently,  Sutton  publishe<l 
an  account  of  his  method,  and  the  result  of  his  operation  may  be 
given  in  his  own  words. 

*'The    lancet  being  charged   with  the  smallest  2>^rcefi''ahle  quantity 
(and  the  smaller  the  better)  of  unripe^  cnule^  or  vxitery  matter j  immediately 
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introdace  it  by  puncture,  obliquely,  between  the  scarf  and  true  skin, 
barely  sufficient  to  draw  blood,  and  not  deeper  than  the  sixteenth  part  of 
an  inch.  Neither  patting,  nor  daubing  of  the  matter,  in  or  over  the 
punctured  part,  is  at  all  necessary  to  its  efficacy.  This  practice,  indeed, 
is  rather  prejudicial  than  otherwise,  as  it  may  affect  the  form  of  the 
incision,  and  thus  be  apt  to  confound  our  judgment  upon  it. 

**  Indication  of  the  Incinion. — In  the  incipient  state  of  variolous 
increase  in  the  incision,  a  small  florid  spot  appears  on  the  part  of  access, 
resembling  a  flea-bite  in  size ;  and  on  passing  the  finger  lightly  over  it  a 
hardness  is  felt  not  larger  than  a  small  pin's  head.  This  florid  appearance 
and  hardness  denote  that  the  variolous  principle'  is  effectually  imbibed, 
and  their  indications  point  no  farther,  unless  the  progress  to  vesication 
be  very  slow,  in  which  case  an  uncomfortable  number  of  pustules  may  be 
expected  to  follow.  The  florid  spot  in  most  instances  of  inoculation  is 
somewhat  larger,  or  more  extended  on  the  second,  than  on  the  third  day 
after  the  insertion. 

^*  About  the  fourth  day  from  inoculation,  should  the  incision  begin 
to  vesicate,  an  itching  sensation  will  be  complained  of  on  the  place  of 
insertion — the  occurrence  of  which  symptom  is  the  first  indication  of  a 
favourable  event)  yet  not  of  sufficient  importance  to  justify  any  present 
relaxation  in  the  preparatory  proceedings. 

^'  The  vesication  of  the  incision  in  most  instances  will  begin  to  be  visible 
on  the  fourth  or  fifth  day  after  the  insertion  of  the  matter  ;  the  sooner 
it  becomes  so,  the  more  favourable  may  be  expected  to  be  the  event.  The 
extent  or  diameter  of  the  vesication  at  this  stage  does  not  usually  exceed 
that  of  a  large  pin's  head,  and  it  has  invariably  a  dint  or  small  depression." 

Adams  obtained  still  uioro  striking  results  by  inoculating  with 
variolous  lymph  from  peurl-pox,  a  mild  variety  of  small-pox.  Stiirting 
with  lymph  obtained  from  this  benign  form  of  small-pox,  and 
selecting  the  cases,  and  carrying  on  arm  to  arm  variolation,  the 
results  obtained  were  practically  identical  witli  the  pheuomenH 
obtained  by  inoculation  of  the  arm  with  cow-jwx  lymph.  Similar 
results  were  obtained  by  Guillou,  but  more  rapidly.  In  1827  there 
was  an  epidemic  of  variola,  and  Guillou,  having  no  vaccine  virus, 
took  variolous  lymph  from  a  girl  fifteen  years  of  age  on  the  fifth  day 
of  the  eruption.  The  case  was  one  of  varioloid  or  mild  small -][k>x,  attri- 
buted to  pi*evious  vaccination.  The  variolous  lymph  was  iiLserted  in 
ten  phices  on  the  arm  of  a  liealtliy  infant  still  at  the  breiist.  This 
inoculation  pnxluced  ten  beautiful  "  vaccine  "  vesicles,  from  which,  on 
the  ninth  day,  forty -two  infants  were  inoculated  under  the  eyes  of 
two  of  the  local  authorities.  These  f  uniLshed  virus  for  the  inoculation 
of  one  hundred,  who  were  iuoculatetl  in  the  presence  of  nmgistrates 
and  many  medical  men.  This  experiment  was  repeated  with  success. 
Variolous   lymph  was  taken  from  two  lads  at  school,  and  in  ten 
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casen  produced  appearances  with  a  perfect  similarity  to  ordinary 
vaccination, 

Thiele  produced  a  benign  vesicle  in  the  following  manner* 
Variolous  lymph  was  diluted  with  warm  cow's  milk,  and  inoctulated 
like  ordinary  vaccine  lymph.  Large  vesicles  resulted.  There  were 
febrile  symptoms  from  the  third  to  the  fourth  day,  and  a  secondary 
onset  of  fever  much  more  pronounced  between  the  eleventh  and 
fourteenth  days.  The  areola  was  strongly  marked,  and  not  con- 
fined to  the  inoculated  place,  which  was  occasionally  surrounded 
by  minute  secondary  vesicles.  After  watching  through  ten  removes^ 
the  vesicles  finally  assumed  the  characters  of  an  ordinary  vaccination 
with  cow-pox  lymph.  As  soon  as  the  secondary  fever  ceased  to 
occur  inoculation  was  practised  from  arm  to  arm  without  diluting 
the  l3rmph  with  cow*s  milk.  The  lymph  was  designated  lacto- varioline, 
and  the  result  was  variolation  in  its  mildest  form.  The  result  of 
viiriolating  the  cow  will  be  discussed  in  another  chapter. 

Small-pox  inoculation,  or  variolation,  protected  the  individual 
when  genuine  small-pox  was  produced,  and  .endangered  the  com- 
munity. Persons  inoculated  became  centres  of  infection,  and  con- 
veyed the  disease  to  others.  Haygarth,  although  in  favour  of 
inoculation,  strongly  condemned  its  use  without  precautions  to 
prevent  the  spread  of  the  disease.  '^  The  most  serious  and  solid 
objection,"  he  wrote,  *'  that  has  been  advanced  against  inoculation 
is  deduced  from  a  comparison  of  the  Bills  of  Mortality  for  a  series 
of  years  in  various  places.  They  show  that  a  larger  proportion 
of  inhabitants  have  died  of  the  small-pox  in  towns  where  it  is  prac- 
tised than  in  the  same  before  it  was  known,  or  in  others  where  it  is 
prohibited." 

Even  Dr.  Dimsdale,  an  ardent  inoculator,  admitted  that  more 
lives  were  lost  in  London  than  befoi'e  inoculation  commenced,  and  the 
practice  was  more  detrimental  than  beneficial  to  society ;  and  he 
added  :  **  The  disease  by  general  inoculation  throughout  London 
spreads  by  visitors,  strangers,  servants,  washerwomen,  doctors,  and 
inoculators,  by  means  of  hackney  coaches  in  which  the  sick  are  sent 
out  to  take  the  air,  or  by  sound  pei-sons  approaching  them  in  the 
streets.  The  poor  in  London  are  miserably  lodged  ;  their  habitations 
are  in  close  alleys,  courts,  lanes,  and  old  dirty  houses  ;  they  are  often 
in  want  of  necessaries,  even  of  bedding.  The  fathers  and  mothers 
are  employed  constantly  in  laborious  occupation  abroad,  and  cannot 
attend  the  inoculated  sick."  In  1798  Jenner,  who  had  practised 
small -pox  inoculation,  proposed  the  use  of  a  benign  non-infectious 
lymph  obtained  from  a  disease  of  the  cow  or  horse  as  a  substitute 
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for  variolous  lymph,  and  in  1840  small- pox  inoculation  was  prohibited 
bv  Act  of  Parliament. 

Stamping-out  System. — The  disappointing  and  dangerous 
results  of  small-pox  inoculation  led  to  a  widespread  demand  for 
some  new  method  for  dealing  with  small-pox.  This  induced  Haygarth 
to  turn  his  attention  to  the  subject,  and  towards  the  end  of  the 
eighteenth  century  to  bring  before  the  medical  profession  and  the 
public  a  plan  for  stamping  out  the  disease.  Haygarth,  who  was  a 
clase  observer  and  an  able  physician,  studied  the  question  of  the 
communicability  of  the  disease  from  one  person  to  another,  and  its 
conveyance  by  infected  clothing  and  other  means,  and  ultimately 
drew  up  rules  and  regulations  for  its  prevention,  the  importance  of 
Avhich  we  are  only  now  beginning  to  fully  acknowledge.  Haygarth's 
essential  doctrine  was  "  that  mankind  was  not  necessarily  subject  to 
the  small-pox,  and  that  it  was  always  caught  by  infection  from  a 
patient  or  the  poisonous  matter,"  and  might  be  avoided  by  observing 
his  Rvlea  of  Prevention. 

These  rules  comprised  a  regular  system  of  notification  and  isolation. 
Inspectors  were  to  be  provided  to  report  cases  of  small-pox,  and  people 
were  to  be  rewarded  for  carrying  out  the  instructions.  Several  examples 
were  given  of  the  results  at  Chester,  where  the  plan  was  adopted. 

Haygarth  met  with  considerable  encouragement  from  some  of  the 
leaders  of  the  profession.  Dr.  Fothergill  wrote  to  him  in  177H,  saying, 
""  I  have  mentioned  the  intention  of  freeing  this  country  from  the 
small-pox  to  divers  of  the  faculty,  and  shall  continue  to  do  so  as  it  falls 
in  my  way.  The  proposal  is  variously  received,  but  in  exact  proportion 
to  their  humanity." 

In  1793  Haygarth  made  considerable  addition  to  bis  rules,  and  urged 
that  legislation  should  follow  to  make  them  compulsory.  Provision  was 
to  be  made  to  reward  the  poor  for  observing  the  rules,  and  public  thanks 
to  the  wealthy  for  their  support  were  to  be  published  in  the  parish  church 
and  newspapers.  Transgression  of  the  rules  was  to  be  punished  by  a  fine  of 
from  £10  to  £50,  one  half  to  go  to  the  informer  and  the  other  half  to  the 
fund  which  supplied  the  expense  of  rewards  to  the  poor,  and  all  details  were 
to  be  suppHed  to  the  press.  It  was  further  suggested  that  Great  Britain 
should  be  divided  into  districts,  including  a  certain  number  of  parishes 
or  townships,  and  that  to  each  of  them  a  surgeon  or  apothecary  should 
be  appointed  as  inspector  to  see  that  the  regulations  were  exactly 
observed.  In  addition,  there  were  to  be  directors  of  inspectors,  superin- 
tended by  a  commission  of  Physicians  in  London  and  in  Edinburgh.  All 
salaries  were  to  be  paid  by  the  county  rates,  and  the  rewards  for  observing 
the  rules  of  prevention  were  to  be  guaranteed  out  of  the  parish  funds. 
On  the  recjuisition  of  the  director  and  inspector  of  a  circuit,  power 
was  to  be  given  to  two  or  more  justices  of  the  peace  to  appoint  a  separate 
house  for  the  reception  of  patients  with  the  small-pox.     In  conclusion, 
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Hajgnrth  maintaiaed  tbat  the  plugiie  bnd  been  complete!]'  extemuDalied 
from  this  country,  for  above  a.  century,  by  civil  regulations,  and  tbat 
there  Beemed  to  be  little  doubt  that  the  umall-pox  was  propagated  on 
principles  similar  to  the  plague,  and  that  it  also  might  certainly  lie 
exterminated  from  this  island. 

Haygarth's  teachings  bad  a  profound  influence  upon  both  tbe  profexMon 
and  the  educated  public,  but  his  Hysteni  uf  compulsory  notification  was 
never  carried  out,  for  no  legislation  followed  to  enforce  his  recommenda- 
tions. This  is  a  matter  deeply  to  be  regretted,  for  towards  the  end  of  the 
eighteenth  century  small-poiL  was  declining  in  London,  general  sanitatioa 
was  making  rapid  advances,  small-poi  inoculation,  wliich  created  fresh 
centres  of  infection,  was  falling  into  disfavour,  small-pox  hospitals  were 
built,  which  served  to  limit  centres  of  infection,  and  the  profession  iind 
the  public  were  influenced  by  the  teiicbiog  of  Haygarth  witli  regar<l  to 
the  various  ways  of  avoiding  the  spread  of  the  disease. 

It  ouly  i-eqiiireil  the  compulsory  adoption  of  Hnygnrth's  system 
uniformly  all  over  the  country  to  Luve  kept  the  Uiseuse  in  control, 
if  not  to  hiLVe  entirely  extirpated  it  fi-om  Gretit  Britain.  That  « 
simitar  coiivictiou  exited  at  the  time  is  evidenced  by  an  article  which 
appeared  in  1T79  iutbe  Medical  atui  Vkirui'ffieal  Review,  in  which 
the  following  stiitemeuts  were  made  :  — 

"  Plans  for  the  extirpation  of  the  small-pox  have  been  suggested.  .  .  . 
To  do  this,  however,  the  exertions  of  the  pbysiciitn  are  incompetent  unless 
they  be  aided  by  the  powerful  hand  of  Governments,  but  this  has  hitherto 
been  withheld.  The  grand  means,  however,  of  extirpating  this  destructive 
malady  is  on  early  and  strict  separation  of  the  infected  from  those  tbat 

8mall-pox  in  the  present  I'entury  has  been  largely  controlled  by 
legi»Jation,  eApecitiUy  in  recent  years,  by  the  Pnblic  Health  Acts  for 
England  and  Wales,  for  Scotland,  and  for  Ireland ;  the  Epidemic  and 
other  Disea^eH  Prevention  Act ;  the  Public  Health  Amendment  Act ; 
the  Labouring  Classes'  Dwellings  Acts  ;  the  Ilouaiug  of  the  Working 
tlliisaes  Act ;  the  Public  llenlth  (Ships)  Act ;  the  Local  Government 
Boiird  Act — and  various  orders  and  memoranda  of  the  Local  Govern- 
moTit  Board  ;  the  Infectious  Dinetises  Kotification  Act ;  the  Infectious 
Diseases  Prevention  Act ;  and  the  Public  Health  {London)  Act. 

By  the  Public  Health  Act  of  1875  England  was  diWded  into 
llrlian  and  Rural  Sanitary  Districts,  and  powers  were  given  to 
enforce  regulations  of  the  Local  Govtrnment  Bouni  for  guarding 
against  the  spreading  of  infectious  diseases ;  to  provide  medical  aid 
and  accommodittiou  for  infected  persons,  to  promote  cleansing, 
ventilatiou,  cuid  disinfection,  to  provide  hospitals,  to  provide  for 
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destruction  or  disinfection  of  infected  bedding,  clothing,  and  other 
articles,  and  to  appoint  Medical  Officers  of  Health. 

As  to  the  value  of  notification  and  isolation  in  cities  such  as 
Jx)ndon  we  have  the  evidence  of  the  Metropolitan  Asylums  Board. 
In  their  Report  for  1889  we  read  in  reference  to  the  diminution  of 
Hmall-pox  :  ^*  These  very  satisfactory'  results  confirm  the  view  taken 
by  the  Committee  two  years  ago  to  the  effect  that  the  rapid  and 
systematic  removal  from  crowded  districts  of  infected  persons,  each 
of  whom  might  have  become  a  centre  of  contagion,  is  an  important 
factor  in  stamping  out  small-pox  from  the  metropolitan  population. 
The  notification  of  cases  will  also  greatly  facilitate  the  action  of  the 
managers  in  this  direction." 

More  recently  there  has  been  a  most  striking  confirmation  of 
these  statements.  An  outbreak  of  small -pox  occurrei  in  Maryle- 
l)oue,  and  by  the  energy  of  the  ofiicials  of  the  Board  this  outbreak 
was  suppressed  in  a  few  days  by  means  of  notification  and 
immediate  isr)lation. 

The  Isolation  Hospitals  Act  of  1893  gives  power  to  County 
Councils  to  provide,  or  cause  to  be  provided,  an  isolation  hospital 
in  any  district  within  their  county.  An  application  to  a  County 
Council  for  the  eHtablishment  of  an  isolation  hospital  may  be  made 
by  any  one  or  more  of  the  authorities  defined  as  local  authorities 
having  jurisdiction  in  the  county  or  any  part  of  the  county. 
Fui-ther,  the  County  Council  may  dii^ect  an  inquiry  to  be  made  by 
two  medical  officers  of  health  in  the  county  as  to  the  necessity  of  an 
isolation  hospital  boinp  established  for  the  use  of  the  inhabitants 
of  any  particular  district  in  the  county,  and  in  the  event  of  such 
medical  officei-s  rei)<)rting  that  such  a  hospittil  ought  to  lie 
established  for  the  use  of  the  inhabitants  of  a  district,  mav  t^ike  the 
same  proctH?(lings  in  all  rc^spects  for  the  establishment  of  such 
hospital,  as  if  a  petition  had  been  presented  by  a  local  authority  for 
the  establishment  of  an  isolation  hospital  for  the  district  named  in 
the  r€»port  of  such  medical  officers  of  health. 

Lastly,  the  Local  Government  Act  of  1894  provides  for  the 
formation  of  Distnct  Councils ;  and  the  powers,  duties,  and 
liabilities  are  principally  those  which  were  conferred  by  the  Public 
Health  Act  of  1875. 

In  the  opinion  of  the  author  the  Government  of  this  country  shonld 
enter  into  friendly  negotiations  with  the  Governments  of  other  countries. 
so  that  there  might  l>e  concerted  action  to  prevent  an  avoidable 
disease  like  small-pox.  Much  good  might  result  from  the  formation  of 
a  permanent  International  Board  of  Health.    If  civilisation  is  not  yet 
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sufficiently  advanced  to  admit  of  a  syBtem  of  iatematioaal  notificHtiou. 
our  Consular  authorities  should  be  instructed  to  give  immediate  uotifica 
tioD  «f  tba  existence  of  emall-iioz  in  other  countries,  and  every  measure 
should  be  enforced  to  diminish  the  pos^iibilities  of  importation.  The 
duties  of  a  Central  Health  Office,  presided  over  by  a  Minister  of  Health, 
should  include  the  collection  of  infonnation  as  to  the  existence  of  small- 
pox in  other  countries,  and  detailii  should  be  published  in  the  Annual 
Reports  of  the  Department.  Regulations,  for  example,  for  denting  with 
the  importation  of  rags  from  <imall-pox  stricken  placas  should  be  enforced, 
as  in  the  case  of  cholera  ;  and  if,  in  spite  of  these  precautions,  isolated 
cases  occurred  in  this  country,  they  should  be  dealt  with  promptly. 

Notification  should  be  enforced  uniformly  all  over  the  coiintry,  and 
there  is  not  the  slightest  reason  why  the  authorities  and  the  jinblic  should 
not  immediately  receive  information  of  the  existence  of  small-pox,  whilst 
to  procure  immediate  isolation  we  have  only  to  imitate  the  excellent 
aralnilance  system  of  the  Metropolitan  Asylums  Board.  To  procuie 
prompt  notification  there  must  be  no  loophole  for  evading  the  Act,  and 
there  should  be  a  heavy  penalty  for  failure  to  notify  not  only  small-pox, 
but  mi;,  .-a-e  fchick  m.i;i  ,fu-uwl,l,,  hr  mp/>"-''l  lo  ht  ..,•■-  „f  nmulf-pox. 

The  police  should  be  required  to  report  any  case  of  small-pox  in 
common  lodging-houses  or  shelters  ;  they  should  have  power  to  ruiguire 
any  tramp  sufTering  from  snmll-pox,  or  from  any  disease  which  may 
reasonably  be  supposed  to  be  small-pox,  to  be  examined  by  the  medical 
officer  of  the  Union,  and  kept  under  observation,  or  transferred  at  once 
lo  the  isolation  hospital  :  and  inmates  of  the  workhouse  shoald  be  daily 
inspected,  and  uo  case  allowed  to  leave  when  there  is  the  least  suspicion 
of  small-pox  infection. 

Objections  no  doubt  will  be  raised  to  this  proposal,  but  the  frequency 
with  which  small-pox  is  spread  by  tramps  fully  justifies  these  measure)!. 
All  these  measures  should  be  carried  out  as  a  matter  of  routine,  and 
without  the  semblance  of  panic. 

Isolation  shonld  be  uniformly  enforced  all  over  the  country,  and 
vaccination  shonld  be  relegated  to  the  position  of  a  voluntary  auxiliary 
measure,  which  should  never  lje  allowed  to  take  the  place  of  sanitury 
regulations  to  stamp  out  the  disease. 


Cattle  Plague. 
Cattle  plague  is  a.  hi^^hly  coutugioua  iliseabo  of  buviues  pi-odiiciug 
high  fever,  and  chiiructeriaed  by  Hn  eruption  with  h  resemblance  to 
human  Bmall-pox.  The  dineiuiie  iti  trftiLtniixsible  to  other  mminantH, 
and  is  inoculuble  in  ntiin.  One  attack  gives  immunity  agaiuat 
future  attacks.  Cattle  plague  and  Hraall-pox  ere  not  intercom- 
municable,  and  are  specifically  dintincl  diseases,  but  the  resemblance 
between  them  was  recognised  from  early  times.  Bamaiudni  published 
an  account  of  the  cattle  pest  in  Italy  in  1711,  and  described  the 
pustules  which  broke  out  over  the  body  as  similar  to  tlione  of  variola  in 
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kiud  and  ap|)eai*ance.  Dr.  Layard,  in  1780,  described  this  disease  of 
homed  cattle  as  an  eruptive  fever  of  the  variolous  kind,  with  the 
ap{>earance  and  Htagen  of  small-pox.  This  resemblance  was  endorsed 
by  MurcluHon,  one  of  the  Commissioners  appointed  in  1866  to 
inquire  into  the  origin  and  nature  of  cattle  plague. 

Murchison  jiointed  out  that  in  both  diseases  the  eruption  con- 
sisted of  pustules  and  scabs,  and  that  in  both  it  extended  from 
the  skin  to  the  interior  of  the  mouth  and  nostrils ;  in  both,  the 
pustules  and  scabs  were  preceded  or  accompanied  by  patches  of 
roseola  ;  in  both,  they  were  occiisionally  interspersed  with  petecluie ; 
and  in  both,  they  sometimes  left  behind  pitted  scars  and  discoloru- 
tions  on  the  cutis.  The  other  prominent  symptoms  of  rinderpest 
were  also  those  of  small-pox — viz.,  pyrexia,  lumbar  pain,  salivation, 
and  running  fi*om  the  nostrUs,  alvine  flux,  albuminuria,  hsematuna, 
and  **  the  typhoid  state."  The  anatomical  lesions  of  the  internal 
organs  in  rinderj)est  and  unmodified  small-pox  were  identical — viz., 
(^)ngestion  or  infiamniation  of  the  mucous  membi*anes  of  the  air 
p/issages  and  <ligestive  canal,  i)atches  of  ecchymosis  and  even 
gangrene  of  the  stomach  and  other  mucous  surfaces,  and  darkly 
coloui*e<l  bhxKl.  In  both  linderpest  and  small-pox  the  duration 
of  the  pyrexial  stage  was  on  an  average  about  eight  days.  In 
both  diseases  a  j>eculiarly  offensive  odour  was  exhaled  from  the 
body  before  an<l  after  death.  The  two  diseases  resembled  one 
another  in  their  extreme  contagiousness,  and  in  the  facility  with 
•  which  tht»  j)ois()n  was  transmitted  by  fomites.  Both  diseases  were 
easily  propagated  by  inoculation,  and  in  both  cases  the  inoculated 
disiMise  was  milder  and  less  fatal  than  that  resulting  from  infection. 
In  )>oth  diseiis«'s  there  was  a  jMn-i(xl  of  incubation,  which  is  shorter 
when  th(»  poison  has  Ik^cu  intrcKluced  by  inoculation  than  when  it 
has  Ihh'u   reccivtnl  by  inftH?tion. 

(Jin'\\  d(»scri))ed  the  re,sult  of  an  accidental  inoculation  of  cattle- 
plague  virus  in  the  human  subject.  A  vesicle  was  proiluced  which 
so  chxsely  corresj>onded  with  the  result  of  inoculated  cow-pox  that 
(•eely  incline<l  to  the  belief  that  cattle  plague  was  a  malignant  form 
of  cow-pox.  The  following  is  the  ac(H)unt  of  this  case  as  reported 
by  Ceely.  Mr.  llanc(K*k,  a  veterinary  inspector  at  Uxbridge,  was 
engaged  in  superinUniding  the  autopsy  of  a  bullock  recently  dead  of 
cattle  pLigue.  His  lussistant,  who  was  j)erforming  the  ojieration, 
while  occupie<l  in  removing  the  skin  from  the  scrotum,  a(x;identally 
puncture<l  the  back  (»f  Mr.  Hancock's  hand  with  the  |>oint  of  the 
knife.  Tlie  puncture  being  slight  was  disregarded  at  the  time,  but 
was  washed  as  s(x>n  as  j^racticable,  and  thought  of  no  more.     Five 
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days  afterwards,  a  small,   slightly  elevated,  hard  pimple  was  felt 
and  seen  on  the  site  of   the  puncture.      This  gradually  advanced 
till  the   ninth   day  of   the   puncture,  the  foui-th  from  papulation, 
when  the  enlargement  became  distinctly  vesicular.     At  that  time 
there  were  but  slight  constitutional  symptoms.     On  the  next  day, 
the  tenth  from  the  receipt  of  the  puncture,  the  fifth  from  papulation, 
and  the  second  f  ix)m  vesiculation,  Mr.  Hancock  consulted  Mr.  Rayner, 
of  Uxbridge,  who,  on  seeing  the  hand,  inquired  if  the  patient  had 
been  handling  the  udder  of  a  cow,  as  he  thought  he  could  recognise 
a  cow-pox  vesicle  of   the   ninth    day.     The  vesicle   was  distended 
with  thin  lymph,  its  margin  elevated  and  slightly  brown,  its  centre 
depressed  and   brownish,  and  the   whole  surrounded  with  a  large 
bright  red  areola.    There  was  then  considerable  tumefaction  extend- 
ing from  the  knuckles  to  above  the  wiist.     The  absorbent  vessels 
were  considerably  inflamed,  and,  like  the  axillary  glands,  wei*e  tender 
and  painful ;  the  pulse,  naturally  slow,  was  accelerated ;  there  was 
much  pain  in  the  back  and  limbs,  severe  distracting  headache,  etc.  ; 
all  of  which  symptoms  continued  to  increase  during  the  two  following 
days.     At  the  end  of  that  time  the  diffused  ai*eola  had  extended  as 
far  as  the  elbow.    Fifteen  days  after  the  puncture,  and  ten  days  after 
papulation,  the  local  inflammation  and  constitutional  symptoms  had 
partially  subsided.     The  vesicle  contained  a  rather  turbid  brownish 
fluid,  and  there  wei-e  present  all  the  indications  of  a  declining  vaccine 
vesicle. 

Murchison  also  saw  and  described  the  case,  and  gave  pnictically 
the  same  account  of  it.  He  pointed  out  that  the  appearances  and 
the  entire  history  were  very  different  from  the  results  of  a  poisoned 
wound,  but  coincided  with  the  appearances  seen  after  vaccination. 

In  1832  Macpherson,  in  Bengal,  inoculated  eleven  native  childi-en 
with  cattle-plague  crusts.  There  was  no  result  in  six,  othei's 
suffered  from  local  inflammation,  and  in  one  a  vesicle  formed. 
With  lymph  from  this  vesicle  other  children  were  inoculated.  The 
results  in  all  were  similar  in  appearance  to  those  of  vaccination. 
Two  children  were  subsequently  inoculated  with  human  variola,  and 
were  said  to  be  protected. 

In  1834  Macpherson  s  example  was  followed  by  Mr.  Furrell 
in  Assam.  Furnell  inoculated  four  children  with  cattle-plague 
crusts  without  result,  but  his  assistant  succeeded  with  crusts  taken 
from  the  back  and  abdomen  of  the  diseased  cattle,  and  carried  on 
the  lymph  from  child  to  child.  In  one  case  there  was  a  general 
eruption.  Furnell  inoculated  his  own  child  from  one  of  the  native 
children :  a  copious  eruption  followed,  and  the  child  died.     Furnell 
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after  this  misfortune  Issued  a  strong  warning  against  taking  the 
virus  from  the  cow.  The  experiments  were  made  in  the  belief  that 
cattle  plague  was  really  small-pox  in  cattle,  and  that  the  virus 
would  protect  against  human  variola. 

Similar  results  were   obtained    by   Mr.   Wood   at    Gowalpara 
in  1838. 

Baoteria  in  Cattle  Plague. — Semner  cultivated  streptococci 
from  the  blood  and  lymphatic  glands  of  a  sheep  suffering  from 
cattle  plague.  A  calf  inoculated  with  a  cultivation  died  in  seven 
days.  The  cocci  were  stated  to  lose  their  virulence  by  cultivation, 
and  the  weakened  cultivation  to  protect  against  the  virulent  disease. 
The  micro-organism  was  very  probably  Streptococcus  pyogenejs 
and  the  calf  may  have  died  of  septic  infection.  There  win  lie  no 
iloubt  that  the  nature  of  the  contagium  of  cattle  plague  is  unknown. 
Protective  Inoculation. — In  the  great  epidemic  of  cattle 
I)lague  in  England  in  1866,  owing  to  a  belief  that  the  analogy 
between  cattle  plague  and  small-pox  was  closer  than  it  really  is, 
vaccination  with  cow-pox  was  attempted  as  a  preventive  measure, 
but  was  proved  to  be  absolutely  useless. 

Stamping-out  System. — When  cattle  plague  was  iiniK>rted  in 
1865  into  London,  dairymen  and  stock-owners  made  no  attempts 
to  prevent  the  extension  of  the  disease,  so  that  it  spread  rapidly 
all  over  the  country  thi*ough  disjHisal  of  infected  cattle.  The  losses 
wei*e  enormous,  and  an  Order  in  Council  was  passed  in  July  1865, 
<lirocting  dairymen  and  others  to  notify  outbreaks  of  any  contagious 
or  infectious  disease  among  the  animals  under  their  charge.  A 
Voterinary  Department  of  the  State  was  formed,  and  inspector.-? 
apiK)int('d  in  various  parts  of  the  country.  A  short  Act  was  piissed 
in  February  1866.  A  stamping-out  system,  ctmsisting  of  cxunpulsory 
notitication  and  the  slaughter  of  diseased  animals,  was  soon  brought 
to  the  notice  of  the  i)ublic.  There  was  violent  opposition,  but 
nevertheless,  after  some  clelay,  the  system  was  carried  out.  The 
nunilwr  of  cases  of  ctittle  plague  had  reached  18,000  weekly,  and 
on  the  intrcnluction  of  the  stamping-out  system  the  diseiise  rapidly 
dec^lined.  The  dise^ise  was  again  importe:i  into  Great  Britain  in 
1872,  and  there  were  outbreaks  in  1877.  In  each  instance  the 
disease  was  promptly  stamped  out,  and  ever  since  that  year  the 
disease  has  been  kept  out  of  this  country. 


CHAPTER  XXI. 

SHEEP-POX. — FOOT-AND-MOUTH   DISEASE. 

Sheep-pox. 

Sheep- POX,  or  variola  oviTta,  is  an  acute  febrile  disease  accorapanieil 
by  a  general  vesiculo- pustular  eruption,  highly  infectious,  and 
capable  of  being  propagated  by  inoculation  or  davdisation.  It  is 
a  common  disease  in  some  parts  of  Europe.  In  France  the  disease 
is  called  la  davelee,  and  in  Italy  vaccuolo.  It  has  been  introduced 
on  several  occasions  into  this  country,  but  has  been  effectually 
stamped  out.  As  in  human  small-pox,  there  are  varieties — the 
benign  and  the  malignant,  the  discrete  and  the  confluent ;  and  one 
attack  is  protective  against  the  disease  in  future. 

It  is  very  closely  analogous  to  human  small-pox.  Vaccination 
with  cow-pox  lymph  has  been  employed  to  protect  sheep  from  sheep- 
pox,  but  unsuccessfully,  and  lymph  for  vaccination  has  been  raised 
from  sheep-pox  to  protect  human  beings  from  small-pox.  These 
experiments  were  first  performed  in  Italy. 

Marchelli,  in  1802,  took  lymph  from  the  vesicles  of  sheep-pox,  and 
inoculated  children.  Sacco  repeated  these  experiments,  and  found 
there  was  no  appreciable  difference  from  the  results  obtained  with 
cow-pox  lymph.  Dr.  Legni  carried  on  the  inoculations  with  ovine 
virus  from  arm  to  arm  for  several  years,  and  when  small -pox 
occurred  in  Pesaro,  it  was  said  that  all  those  who  wei*e  inoculated 
with  the  sheep  virus  were  protected. 

Inoculation  of  children  with  ovine  virus,  direct  fi'om  sheep,  was 
repeated  by  Sacco  and  Magnani  in  1806. 

Marson  in  England  succeeded  in  producing  on  the  human 
subject  a  vesicle  with  the  physical  characters  of  the  vaccine  vesicle. 
The  vesicle  had  a  bluer  tinge,  ahd  subsequent  inoculation  of  the 
patient  with  human  variola  was  ineffectual.  Other  experimenters 
wei'e  unsuccessful,  but  their  failures,  as  in  the  case  of  variolation  of 
the  cow,  do  not  invalidate  the  results  of  those  who  were  successfoL 

297 


298  INFECTTV'E   DISEASES. 

Sheep-pox  and  cow-pox  are  quite  distinct  diseasea.  Sheep-pox 
is  highly  infectious,  whereas  cow-pox  is  only  conveyed  by  direct 
inoculation,  and  is  never  infectious,  and  further,  cow-pox  inoculated 
in  sheep  does  not  produce  sheep- pox. 

Bacteria  in  Sheep-pox. — Hallier  and  Zurn,  Klein,  and  others, 
have  found  micrococci  and  bacteria  in  the  lymph  of  the  vesicles  of 
sheep-pox,  but  they  are  only  accidental  epiphytes.  The  nature  of 
the  contagium  is  unknown. 

Protective  Inoculation. — Extensive  experiments  were  carried 
out  in  England  to  test  the  protective  power  of  vaccination  against 
sheep-pox.  According  to  Marson  and  Simmonds,  it  was  very  difficult 
to  get  cow-pox  to  take  on  sheep,  and  when  an  effect  was  produced, 
the  resulting  affection,  even  when  developed  to  its  fullest  extent,  was 
very  unlike  the  same  disease  in  the  human  subject.  In  the  sheep 
it  seldom  produced  anything  more  than  a  small  papule,  which  occa- 
sionally resulted  in  the  formation  of  a  minute  vesicle,  or  more 
commonly,  a  pustule,  which  was  sometimes,  although  very  rarely, 
surrounded  by  a  slight  areola.  Generally,  however,  neither  vasica- 
tion  nor  pustulation  followed,  but  a  small  scab  was  produced,  which 
soon  fell  from  the  site  of  the  puncture,  leaving  no  trace  behind.  The 
disease  passed  quickly  and  irregularly  through  its  several  stages, 
and  terminated  by  the  eighth  or  ninth  day,  and  not  unfrequently 
even  before  that  time.  Lymph  was  but  rarely  obtainable,  and  then 
only  in  the  smallest  quantity,  and  this  on  the  fifth  or  sixth  day  suc- 
ceeding the  vaccination.  The  effects  were  only  local,  and  the  animal's 
health  was  not  impaired. 

Sheep  were  found  to  be  just  as  susceptible  of  the  cow-pox  virus 
on  subseriuent  repetition  of  the  inoculation  as  they  were  in  the 
first  instance,  iiml  hence  the  conclusion  that  cow-pox  was  utterly 
woi-thlass  as  a  protective  against  sheep-pox.  According  to  Depaiil, 
however,  cow-pox  takes  characteiistically  on  sheep,  and  sheep- pox 
lymph  inoculated  on  cows  produces  a  result  indistinguishable  from 
the  appearances  obtained  with  the  inoculation  of  cow-j)ox  lymph. 
It  is  impossible  to  say  whether  these  conflicting  results  depended 
upon  the  employment  in  the  experiments  of  different  )>reeds  of  sheep 
or  different  stocks  of  vaccine  lymph. 

The  objection  to  clavelisation  or  ovination  is  that  the  disease 
may  be  introduced  in  localities  where  it  was  previously  unknown. 
By  ovination,  {is  in  the  analogous  case  of  variolation,  fresh  centres 
of  infection  are  created,  whereas  every  precaution  shoidd  be  taken 
to  prevent  the  introduction  of  the  disease. 

Stamping-out  System. — Sheep-pox  has  been  imported  into  this 


FOOT-AND-MOUTH   DISEASE.  299 

country  on  several  occasiony.  It  was  introduced  in  1847,  and  again 
in  1862;  in  1865  it  was  introduced  again,  and  active  measures  of 
repression  were  at  once  taken.  The  diseased  flocks  were  carefully 
isolated,  and  day  by  day  as  fi*esh  cases  occurred  the  diseased  animals 
were  killed  and  buried.  Owing  to  the  adoption  of  these  precaution- 
ary measures,  the  affection  did  not  extend  beyond  the  flock  among 
which  it  first  appeared.  It  was  introduced  again  in  1866  at  Long 
Buckby,  in  Northamptonshire.  In  this  case  the  disease  was  exter- 
minated by  the  slaughter  and  burial  of  the  whole  flock,  and  imme- 
diate application  of  disinfectants  to  the  hurdles  and  other  things  with 
which  the  sheep  had  been  in  contact.  Then  it  was  introduced 
again  in  Cheshire,  and  strict  isolation  being  enforced  the  infection 
died  out.  Since  1866  we  have  had  no  outbreak  of  sheep-pox  in 
this  kingdom,  but  foreign  sheep  have  been  landed  with  sheep-pox 
in  1868,  1869,  1870,  1871,  1875,  1876,  1878,  and  1880,  but  the 
disease  has  been  prevented  from  spreading. 

The  Sheep-pox  Order  of  1895  provides  for  the  notification  of 
the  disease,  for  disinfection  and  for  compulsory  slaughter  of  infected 
sheep,  and  prohibits  the  movement  of  diseased  or  suspected  sheep, 
and  the  local  authority  may,  if  they  think  fit,  order  the  slaughter 
of  suspected  sheep  and  of  sheep  which  have  been  in  contact  mtli 
diseased  sheep. 

FoOT-AND-MOUTH    DISEASE. 

Foot-and-mouth  disease  is  a  highly  contagious  and  infectious 
febrile  disease,  characterised  by  a  vesicular  eruption  affecting  the 
lips,  tongue,  roof  of  the  mouth,  and  feet  of  sheep,  cattle,  and  pigs, 
and  according  to  some  obsei'\'ers  it  also  attacks  horses,  poultry, 
hares,  and  rabbits.  Sometimes  the  mouth  only  is  affected,  in  other 
cases  the  principal  seat  of  the  eruption  is  in  the  feet.  The  vesicles 
soon  break  and  give  rise  to  ulcers.  When  these  occur  in  the  mouth 
they  cause  pain  and  difliculty  in  taking  food.  Extensive  ulceration 
may  occur  on  the  feet,  causing  great  pain  and  lameness.  In  milch 
cows  it  sometimes  happens  that  the  eruption  occurs  on  the  udder  and 
teats,  and  it  is  this  manifestation  of  the  disease  which  has  received 
80  much  attention  from  Rayer.  The  milk  is  contaminated  by  the 
discharge  of  the  vesicles,  and  is  unfit  for  use,  either  as  food  for  the 
human  being  or  for  the  lower  animals.  It  induces  a  vesicular 
eruption  in  the  mouth,  larynx,  pharynx,  and  intestinal  canal.  It 
acts  most  vigorously  when  administered  warm  to  young  animals, 
and    ealyes  occasionally   die    quite    suddenly   after  sucking*  cows 
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a£F6cted  with  the  erupticm  cm  the  teats.  Fatal  effects  also  result 
when  the  milk  is  administered  to  young  pigs. 

It  has  heen  stated  that  no  injurious  consequences  arise  from  the 
consumption  of  the  milk  by  human  beings,  but  there  is  abundant 
evidence  to  the  oontrary,  and  the  conflicting  opinions  probably  arise 
from  the  fact  that  milk  is  seldom  drunk  direct  from  the  cow,  and 
rarely  in  an  undiluted  form.  Hertwig  experimented  upon  himself 
with  milk  freshly  drawn  from  a  cow  with  the  eruption.  He  drank 
a  pint,  and  two  days  afterwards  experienced  slight  fever,  restless- 
ness, and  headache.  The  mouth  was  dry  and  hot,  and  there  was 
tingling  in  the  skin  of  the  hands  and  fingers.  These  symptoms 
continued  for  seven  days  after  taking  the  milk.  On  the  ninth  day 
vesicles  had  formed  on  the  tongue,  principally  on  the  edges,  and  ou 
the  mucous  membrane  of  the  cheeks  and  lips  (the  largest  being 
about  the  siate  of  a  lentil).  They  were  yellowish-white  in  colour,  and 
contained  a  whitish  turbid  liquid,  which  flowed  when  the  vesicles 
were  pricked  with  a  needle.  At  the  same  time  a  number  of  vesicles 
developed  on  the  hands  and  fingers;  and  most  of  them  at  the 
time  of  their  first  appearance  were  the  size  of  a  millet  seed.  They 
were  firm  to  the  touch,  yellowish-white,  and  occasioned  a  slight 
tingling.  The  vesicles  of  the  mouth  increased  in  size  and  eventually 
broke,  and  the  epithelium  detached  itself  completely  from  the  affected 
parts,  leaving  dark  red  spots,  which  disappeared  gradually.  The 
slight  fever  present  during  the  first  days  ceased  after  the  appearance 
of  the  eruption;  but  from  this  time,  until  the  disappearance  of 
the  red  spots,  Hertwig  felt  a  continual  burning  pain  in  the  mouth, 
and  speaking  and  deglutition  caused  considerable  uneaKiness.  On 
the  lips  the  vesicles  diied  up,  and  were  covered  with  thin  brownish 
crusts,  which  fell  off  ten  days  after  the  appearance  of  the  first 
vesicles.  The  vesicles  which  developed  on  the  liandH  ran  a  slower 
course.  From  the  tenth  to  the  thirteenth  day  they  filled  with  a 
liquid,  Uke  turbid  lymph.  They  were  large  and  confluent,  and 
finally  broke  and  dried  up. 

Bacteria  in  Foot-and-mouth  Disease Klein  in  1885  isolated 

from  the  vesicles  a  streptococcus  which  in  its  microscopical  and  its 
cultural  characters  on  gelatine,  agar  and  blood  serum  resembled 
Streptococcus  pyogenes.  Minute  differences  in  the  size  of  the 
colonies  and  in  their  rate  of  growth,  and  in  the  character  of  the 
chains,  were  observed  on  making  comparative  cultures  with 
Streptococcus  pyogenes  from  a  human  source,  but  no  comparison 
was  made  with  Streptococcus  pyogenes  from  acute  suppuration  in 
cattle.     Baumgarten  regai*ded  this  micro-organism  as  Sti^ptcKioccus 
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pyogenes,  and  not  as  the  contagium  of  the  dLsease.  The  author  has 
pointed  out  the  variation  which  exists  in  the  size  of  the  chains  and 
of  the  colonies,  and  the  difference  which  is  found  in  the  rate  of 
growth  of  cultures  of  Streptococcus  pyogenes,  and  these  variations  are 
especially  marked  in  Streptococcus  pyogenes  bo  vis.  Klein  believes 
that  the  administrations  of  broth  cultures  produced  the  disease  in 
sheep,  but  the  results  were  very  probably  due  to  accidental  infection. 
It  is  well  known  how  very  readily  foot-and-mouth  disease  is  spread. 
The  appearance  of  a  case  in  a  flock  of  sheep  or  a  herd  of  cattle  will 
be  almost  certain  to  be  followed  by  all  or  nearly  all  of  the  other 
animals  being  infected  with  great  rapidity.  The  virus  clings  to  the 
clothes  of  shepherds  and  others  who  have  been  in  contact  with 
infected  sheep,  and  may  be  readily  conveyed  to  healthy  animals  by 
those  who  have  been  visiting  infected  premises. 

Schottelius  described  chains  composed  of  rounded  elements,  some 
of  which  resembled  an  amoeba  or  plasmodium.  The  chains  were  said 
to  be  motile,  and  delicate  growths  were  obtained  in  blood  serum  and 
agar,  and  in  broth  and  on  potato.  Inoculation  in  sheep  and  pigs 
and  numerous  small  animals  gave  negative  results.  These  organisms 
were  described  as  streptocytes,  to  distinguish  them  from  bacteria. 

Piani  and  Fiorentini  investigated  the  contents  of  the  vesicles,  and 
also  described  corpuscular  elements  exhibiting  amceboid  movements. 
They  regarded  these  bodies  as  protozoa,  and  concluded  that  foot-and- 
mouth  disease  is  due  to  their  presence. 

Until  a  micro-organism  is  cultivated  which  will  produce  sheep - 
pox  in  sheep  on  a  farm  or  on  premises  where  the  disease  does  not 
exist,  and  where  there  can  be  no  |Kxssibility  of  accidental  infection, 
we  are  fully  justified  in  concluding  that  the  nature  of  the  contagium 
of  this  disease  is  unknown. 

Stamping-out  System. — Foot-and-mouth  disease  was  imported 
into  this  country  in  1 839.  It  has  been  successfully  dealt  with  by  the 
stamping-out  system,  which  in  this  case  is  very  diflicult  to  apply 
because  of  the  very  short  period  of  incubation,  and  the  vahie  of 
the  stamping-out  method  very  greatly  depends  upon  the  length 
of  the  incubation  period.  Foot-and-mouth  disease  very  often, 
from  infection  to  recovery,  does  not  exceed  ten  days ;  yet  according 
to  the  reports  of  the  Board  of  Agiiculture,  when  foot-and-mouth 
disease  exists  in  a  manageable  state,  perfect  isolation  and  effectual 
disinfection  have  proved  equal  to  the  complete  control  of  the 
spreatting  of  the  infection,  and  the  final  extinction  of  the  disease. 
Nothing  more  is  necessary  in  any  case  than  to  close  up  all  the 
channels  through  which  infected  matter  can  be  conveyed;  but  in 
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order  that  this  may  be  done  close  supervision  by  conscientious  and 
responsible  officers  is  recjuired ;  without  it  the  case  is  hopeless. 

The  Foot-and-mouth  Disease  Order  of  1895  enforces  notification, 
isolation,  and  disinfection,  and  the  question  of  slaughter  is  left  to 
the  local  authority. 

(1)  A  local  authority  may,  if  they  think  fit,  cause  to  be  slaughtered — 
{a)  Any  cattle,  sheep,  or  swine  affected  with  foot-and-mouth  disease 

or  suspected  of  being  so  affected  ;  and 
(6)  Any  cattle,  sheep,  or  swine  being  or  having  been  in  the  same  field, 
shed,  or  other  place,  or  in  the  same  herd  or  fiock  or  otherwise  in 
contact  with  animals  affected  with  foot-and-mouth  disease,  or  being 
or  having  been,  in  the  opinion  of  the  local  authority,  in  any  way 
exposed  to  the  infection  of  foot-and-mouth  disease. 


CHAPTER    XXII. 

HORSE-POX.—  COW-POX. 

Constitutional  Grease  or  Horse- pox. 

Horse- POX  is  a  vesicular  disease  of  the  hoi*se  communicable  from 
animal  to  animal  by  inoculation,  but  never  infectious.  It  is 
oommunicable  by  inoculation  to  man,  and  the  attenuated  virus 
produces  phenomena  indistinguishable  from  the  results  of  vaccina- 
tion with  cow-pox  lymph. 

The  existence  of  this  disease  of  the  hoi*se  had  long  been  known 
to  farmers  and  farriers,  but  Jenner  was  the  first  to  draw  attention 
to  it  in  writing.  "  There  Ls  a  disease  to  which  the  hoi'se  from  his 
state  of  domestication  is  frequently  subject.  The  farriers  have 
termed  it  the  grease ;  it  is  an  inflammation  and  swelHng  in  the  heel 
accompanied  at  its  commencement  with  small  cracks  and  fissures, 
from  which  issues  matter  possessmg  properties  of  a  very  peculiai 
kind."  Jenner  gave  several  instances  in  which  this  disease  was 
communicated  to  man  and  to  cows. 

Thus,  a  man  named  Merret  attended  to  some  horses  with  sore 
heels  and  also  milked  the  cows.  The  cows  were  infected,  and  the 
man  had  several  sores  upon  his  hands. 

WilHam  Smith,  on  another  farm,  attended  to  horaes  with  sore 
heels  and  milked  the  cows  also.  The  cows  were  infected,  and  on  one 
of  Smith's  hands  there  were  several  ulcerated  sores. 

Simon  Nicholls  applied  dressings  to  the  sore  heels  of  one  of  his 
master's  horses  and  at  the  same  time  milked  the  cows,  and  the  cows 
were  infected  in  consequence. 

A  mare,  the  property  of  a  dairy  farmer,  had  sore  heels,  and 
-vras  attended  to  by  the  men  of  the  farm,  Thomas  Virgoe,  William 
AVherret,  and  William  Haynes.  They  contracted  "sores  on  their 
"liands,  followed  by  inflamed  lymphatic  glands  in  the  arms  and 
^xilke,  shiverings  succeeded  by  heat,  lassitude,  and  general  pains  in 
^he  limbs,"  and  the  disease  was  also  communicated  to  the  cows. 
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But  Jenner's  experience  of  this  disease  was  not  limited  to  cases 
in  which  the  eruption  occurred  in  the  heeL 

He  mentions  a  case  in  which — 

''  An  extensive  inflammation  of  the  erysipelatous  kind  appeared 
without  any  cause  upon  the  upper  part  of  the  thigh  of  a  sucking 
edit.  The  inflammation  continued  several  weeks,  and  at  length 
terminated  in  the  formation  of  three  or  four  small  abscesses."  Those 
who  dressed  the  edit  also  milked  the  cows  on  the  farm,  and  communi- 
cated the  disease  to  them. 

Subsequently,  Jenner  gave  a  more  comprehensive  description  of 
this  diseaJBe. 

"  The  skin  of  the  horse  is  subject  to  an  eruptive  disease  of  a 
vesicular  character,  which  vesicle  contains  a  limpid  fluid,  showing 
itself  more  commonly  in  the  heete.  The  legs  first  become  oedematous, 
and  then  fissures  are  observed.  The  skin  contiguous  to  these  fissures, 
when  accurately  examined,  is  seen  studded  with  small  vesicles  sur- 
rounded by  an  areola.  These  vesicles  contain  the  specific  fiuid.  It 
is  the  ill-management  of  the  horse  in  the  stable  that  occasions  the 
malady  to  appear  more  frequently  in  the  heel  than  in  other  parts. 
I  have  detected  it  connected  with  a  sore  on  the  neck  of  the  horse, 
and  on  the  thigh  of  a  colt.'' 

Mr.  Moore,  of  Chalford  Hill,  described  a  case  in  1797,  and  re- 
garded the  disease  as  virulent  grectse.  His  horse  was  attacked  with 
what  was  supposed  to  be  ordinary  "grease."  A  cow  was  subse- 
quently infected,  and  the  disease  commuuicated  to  the  servant,  who 
had  "  eruptions  on  his  hands,  face,  and  many  other  parts  of  the 
body,  the  pustules  appearing  large,  and  not  much  unlike  the  small- 
pox, for  which  he  had  bf  eii  inoculated  a  year  and  a  half  before,  and 
hail  then  a  very  heavy  burden." 

In  1798,  Mr.  Fewster,  of  Thombury,  met  with  a  case  of  this 
equine  malady,  and  wrote  a  very  full  account  to  Jenner  of  its 
transmission  to  the  human  subject. 

"  William  Morris,  aged  thirty-two,  servant  to  Mr.  Cox  of 
Almonsbury  in  this  county,  applied  to  me  the  2nd  of  April,  1798. 
He  told  me  that  four  days  before  he  found  a  stifliiess  and  swelling 
in  both  his  hands,  which  were  so  painful  it  was  with  dilticulty  he 
continued  his  work ;  that  he  had  been  seized  with  pain  in  his  head, 
small  of  the  back,  and  limbs,  and  with  frec^uent  chilly  fits  suceee^led 
by  fever.  On  examination  I  found  him  still  affecte<l  with  tliese 
symptoms,  and  there  was  gre*it  prostration  of  strength.  Many 
parts  of  his  hands  on  the  inside  were  chapped,  and  on  the  middle 
joint  of  the  thumb  of  the  right  hand  there  was  a  small  phagecUenic 
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uk'er.  about  the  size  of  &  large  pea,  discharging  an  ichorous  fluid. 
On  the  middle  finger  of  the  same  hand  there  was  another  ulcer  of  ii 
similar  kind.  These  sores  were  of  a.  circular  form,  and  he  describeil 
their  first  appearance  as  being  somewhat  like  blistew  arising  fmm  a 
burn.  He  complained  of  excessive  paiu,  whirh  extended  up  his  arm 
into  tlie  axilla.  On  the  5th  of  April  1  again  saw  him,  and  found 
him  still  complaining  of  pain  in  both  bii^  hands,  Tior  were  his  febrilo 
symptoms  at  all  relieveil.  The  ulcers  had  now  spread  to  the  size  of 
a  seven -shilling  gold  coin,  and  another  ulcer,  which  I  had  not  noticed 
before,  appeared  on  the  first  joint  of  the  foi'efiuger  of  the  left  hand, 
equally  painful  with  that  on  the  right.  1  orOereil  him  to  halbe  his 
hands  in  warm  bran  and  water,  apply  escharotics  to  the  uloera,  and 
wrapped  his  hands  up  in  a  soft  cataplasm.  The  neit  day  he  was 
much  relieved,  and  in  something  more  than  a  fortnight  got  well. 
He  lost  his  naOa  from  the  thumb  and  fingers  that  were  ulcerated." 

Mr.  Tanner,  a  veterinary  surgeon,  was  the  first  to  succeed  in 
experimentally  transmitting  horse-pox  to  the  teats  of  a  cow  by 
inoculating  some  of  the  liquid  matter  from  the  heel  of  a  horse.  From 
handling  the  cow's  teats  he  beoume  infected  himself,  and  had  two 
pustules  on  his  hand,  which  brongbt  on  inilamniiLtion,  and  made 
him  unwell  for  several  days.  The  matter  from  the  cow  and  fi-om  his 
own  hand  proved  efficacious  in  infecting  both  human  subjects  and 

In  1801  Dr.  Loy  published  his  experiments.  A  butcher  had 
painful  sorea  from  dressijig  a  horse  suffering  from  '  grease,'  and  Dr. 
Ijoy  succeeded  in  transmitting  the  disease  to  the  udder  of  a  cow. 
Uatterwas  taken  from  the  cow  and  ijiserted  into  the  arm  of  a  child. 
Dr.  Loy  also  inoculate<l  u  child  direct  from  u  iiorse  suffering  from 
'  grease,'  and  subsequently  five  other  children  from  this  child. 

From  bis  experimeuts  and  observations  Dr.  Lay  was  led  to 
differentiate  couatitutional  grease  from  the  merely  local  affection 
commonly  known  as  the  grease,  and  thus  be  explained  the  failure 
on  the  part  of  many  ejc penmen ters  to  transmit  this  disease  to 
the  cow. 

"  This  fa«t  induces  me  "—ha  says — "  to  suspect  that  two  kinds 
of  grease  exist,  differing  from  each  other  in  the  power  of  giving 
disease  b>  the  human  or  brute  animal ;  and  there  is  another  circum- 
stiince  which  renders  thi.'^  suppoftitiau  probable.  The  horses  that 
communicated  the  infection  to  their  dressers  were  affect«'d  with  a 
general  ae  weU  as  a  t4>pical  disease.  The  animals  at  the  commence- 
ment of  their  disease  were  evidently  in  a  feverish  state,  from  which 
they  were  relieved  as  soon  as  the  complaint  appeared  at  their  heels, 

30 


306  INFECTIVE   DISEASES. 

and  an  eruption  upon  the  skin.  The  horse,  too,  from  which  the 
infectious  matter  was  procured  for  inoculation,  had  a  considerable 
indisposition,  previous  to  the  disease  at  his  heels,  which  was  attended, 
as  in  the  others,  with  an  eruption  over  the  greatest  part  of  his 
body;  but  those  that  did  not  communicate  the  disease  at  all,  had 
a  local  affection  only.  From  this  perhaps  may  be  explained  the 
want  of  succa«^  attending  the  experiments  of  the  gentlemen  I  have 
mentione<l." 

£xpenuients  with  horse- pox  were  also  made  about  tliis  time  on 
the  Continent.  Sacco  made  some  observations  upon  this  disease  at 
Milan.  Several  horses  were  suffering  from  what  was  called  giardani, 
and  Sacco's  t^ervant  was  attacked  on  both  arms,  from  dressing  one 
of  his  horses  troubled  with  this  disea^.  Several  children  and  cows 
were  inoculated  from  the  horses,  but  without  success.  In  another 
instance,  a  coachman  went  to  the  hospital  with  the  eruption  on  his 
hands,  and  the  disease  was  successfully  communicated  to  three  out 
of  nine  children. 

In  1803  Dr.  Marcet  described  some  experiments  which  had  been 
made  at  Salonica  by  M.  La  Font.  The  disease  was  known  to  the 
farriers  in  Macedonia  as  javart.  In  one  case,  a  horse  was  attached 
with  feverish  symptoms  that  ceased  as  soon  as  the  eruption  appeared. 
The  fore  legs  were  much  swelled  and  several  ulcers  formed.  M.  La 
Font  took  some  of  the  discharge  from  an  ulcer  and  inoculated  a  oow 
and  three  children,  and  succeeded  in  transmitting  the  disease  to  two 
of  the  latter. 

Vaccinogenic  grease  was  observed  in  Paris  in  1812,  and  Baron 
cites  the  cjuso  of  a  coachman  who,  after  dressing  a  horse  witb  the 
"  groase,"  liad  a  crop  of  pustules  on  his  hands,  from  which  the  disease 
wiis  experimentally  transmitted  by  inoculation  to  two  childi*en.  A 
st^ies  of  incxjulations  was  started  from  an  infant  who  was  infected 
fmni  one  of  the  sca))s  taken  from  the  pustules  on  the  hand  of  the 
coachman. 

In  1813  Mr.  Melon,  a  surgeon  at  Lichfield,  met  with  vaccihogenic 
grease  in  the  horse,  and  some  of  the  virus  was  sent  to  Jenner,  who 
carried  on  a  seiies  of  arm  to  arm  equinations  for  some  months.  And 
again  in  1817,  vaccinogenic  grejise  broke  out  in  a  farm  at  Wansell. 
The  farm-servants  and  the  cows  were  infected,  and  Jenner  employed 
this  eijuine  mattc»r  for  a  series  of  inoculations  for  eight  months. 

In  1817  Baron  descril)ed  a  case  of  a  young  man  who  had  not  less 
than  fifty  pustules  on  his  hands  and  wrists  from  dressing  a  horse  with 
this  (lisease,  and  in  the  following  year  Baron  obtained  some  fresh 
equine  virus  from  the  liands  of  a  boy  who  had  been  infected  directly 
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from  a  horst".  The  disense  Jissumei)  a  jiustuUir  form,  miJ  extended 
over  botli  arniw. 

In  1818  Kahlert  met  witb  tliiH  equine  diHeaHe  in  Boliemia,  and 
floufirmed  the  experiments  niade  by  Luy  and  Sacco.  KalJert  noticed 
that  the  joint  uf  the  foot  was  swollen,  aud  moititiire  exiid«l  from  it, 
and  that  the  posterior  part  of  the  jmsterQ  vas  slightly  red,  swolleu 
and  hotter  than  the  neighboiu-iug  parts,  and  a  cleat-  yellowitih  fluid 
with  a  fieculiar  wlour  escape"!.  At  the  sUghteat  touch  the  animal 
showed  fdgns  of  pain  ;  the  hair  was  stuck  together.  The  disease  was 
eucceasfiilly  tFanamitted  to  cows  Hud  from  caws  to  children. 

In  1S60  the  horsee  at  BJeumem,  near  Toulouse,  were  attacked  by 
an  epizootic  malady  ;  in  less  than  three  weeks  there  were  more  than 
one  hundred  ciisee.  According  to  the  veterinary  surgeon,  M.  Sarrans, 
the  animals  sulfei-ed  from  slight  fever,  rapidly  followed  by  local 
symptoms,  the  most  marked  of  which  were  swelling  of  the  hocks,  atid 
an  eruption  of  emaU  pusttdes  on  the  surface  of  the  swollen  pai-tN, 
which  were,  at  the  same  time,  hot  and  painful.  After  three  U>  five 
days  there  was  a  discharge  from  the  past«rn  which  continueil  for  eight 
tn  ten  days,  during  which  the  inflammation  gi-udually  diminished. 
The  pustules  dried  up,  and  in  about  ii  fortnight  the  citists  with  patches 
of  hair  fell  off,  leaving  mure  or  less  marked  scars.  The  eruption 
appeared  at  the  same  time  on  (UfFerent  jMii-ts  of  the  bod)',  especially 
on  the  nostrils,  lips,  buttocks,  and  vulva.  Sarrans  believed  that  the 
mares  taken  to  the  breeding  establishment  at  Rieumes  had  been 
infected  from  the  ropes  which  had  been  used  in  tying  up  other  affected 
animals,  and  had  become  thereby  infected  with  the  virus  of  this 
<lisease.  One  of  the  mares  was  taken  by  the  ownei-,  M.  Corail,  to 
the  veterinary  school  to  be  examiTied  by  M.  Lafosse.  About  eight 
days  after  this  visit  significant  symptoms  appeared  :  loss  of  ap]>etite, 
lameness,  stiffness  of  both  pastern  joints,  and  a  hot,  painful  swelling 
of  the  left  pastern  joint.  The  hair  was  staring,  and  thei-e  were 
vesicles  on  the  skin,  from  which  a  hquid  exuded  having  an  ammonincal 
odour  but  leas  foetid  than  the  secretion  in  eajix  aiixjainbta. 

Af.  Lafot^e  Bucce«afully  transmitted  the  disease  to  cows,  and  from 
cows  to  children  and  to  a  horse. 

In  1863  the  subject  of  vaccinogenie  gi-ease  or  horse-pox  again 
receivetl  great  attention  in  France.  A  student  named  Amyot  was 
engaged  in  dressing  a  horse  on  which  an  operation  had  been  per- 
formed. Tlie  leg  which  had  been  operated  on  became  the  seat  of  a 
very  confluent  eruption  of  horse-pox,  whidi  was  followed  by  such 
an  abundant  flow  of  serosity  that  at  first  the  nature  of  the  affection 
was  mistaken,  and  it  was  thought  to  be  a  complication  of  eouj:  aiue 


308  INFBCnVE   DISEASES. 

jamhes,  Amyot  had  a  wound  on  the  dorsal  aspect  of  the  first  inter- 
phalangeal  joint  of  the  little  finger  of  his  right  hand ;  in  spite  of 
this,  he  continued  to  dress  the  horse  entrusted  to  his  care.  The 
wound  on  his  finger  hecame  accidentally  inoculated  with  the  virus, 
which  flowed  in  great  abundance  from  the  horse's  leg. 

The  wound  was  made  on  August  3rdf  and  the  next  day  it  was 
swollen,  and  rather  painful.  On  the  5th,  Amyot  suffered  from  malaise 
and  great  weakness;  on  the  6th,  7th,  and  8th,  vesicles  appeared 
succesKively  on  the  fingers  of  his  left  hand,  and  on  his  forehead 
between  the  two  eyebrows.  On  the  9th,  these  vesicles  were  fully 
developed ;  those  of  the  fingers  consisted  of  very  large  epidermic 
bullae  on  a  bluish-red  base.  On  opening  thpm,  a  perfectly  limpid 
fluid  e.seai)ed  in  such  abundance  that  small  test-tubes  might  have 
been  filled  with  it.  The  vesicle  on  the  forehead  was  surrounded  by 
a  bluish- i*ed  areola,  within  which,  the  epidermis,  of  a  leaden-grey 
hue,  was  raised,  and  had  a  slight  central  depression.  The  liquid 
which  flowed  from  it  when  it  was  opened,  and  which  continued  to 
ooze,  was  also  very  abundant  and  of  a  deep  citrine  colour. 

The  vesicles  which  had  developed  on  the  dorsal  side  of  Amyot's 
fingers  were  extremely  painful.  The  incessant  shooting  pains,  of 
which  they  were  the  seat,  prevented  him  from  getting  any  rest  for 
three  days.  On  the  10th,  Inflammation  of  the  lymphatics  followed  ; 
both  arms  were  swollen  and  very  painful,  with  red  lines  indicating 
the  coui*8e  of  the  lymphatic  vesseb.  The  glands  of  the  axillae  were 
also  enlarged. 

The  lymphatic  glan<ls  behind  the  jaws  were  also  swollen  and  pain- 
ful. Amyot's  chief  sufferings  were  occasioned  by  the  intense  local 
pain  caused  by  the  vesicles  on  the  fingers,  and  by  the  inflammation 
of  the  lymphatic  vessels  and  glands,  which  continued  in  this  state  up 
to  the  1 8th  of  August.  It  was  only  at  the  end  of  the  month  that  the 
vesicles  were  complet^^ly  cicatrised. 

Bouley  felt  very  great  anxiety  in  the  presence  of  the  grave 
symptoms  which  accompanied  the  eruption.  The  eruption  on  the 
forehejul  was  especially  a  cause  of  gi-eat  uneasiness,  because  glanders 
manifests  itself  in  a  similar  way. 

With  virus  from  Amyot's  vesicles  the  disease  was  transmitted  to 
cows  and  to  children. 

Further,  this  outbreak  enableil  exliaustive  experiments  to  be 
made,  by  which  it  was  definitely  established  that  horse-pox  is  never 
infectious,  but,  like  c()w-jk)x,  is  transmitteil  solely  by  contact. 

In  1880,  M.  Baillet,  Director  of  the  National  Veterinary  School 
of  Toulouse,  was  informed  that  a  contagious  malady  had  developed 


CONSTITUTIONAL  GREASE   OR  HORSE-POX.  309 

in  the  mares,  which  had  been  served  by  the  stallions  at  the  breeding 
establishment  at  Eieumes,  belonging  to  M.  Maz^res.  M.  Peuch 
was  delegated  to  investigate  this  outbreak,  and  he  visited  for  that 
purpose  B^rat,  Rieumes,  and  Labastide-Olermont. 

At  B^rat  three  mares  were  examined.  In  one,  there  were  scars 
and  crusts,  the  remains  of  an  eruption  on  the  lips  and  in  the  vicinity 
of  the  vulva  ;  in  another,  there  were  several  reddish  circular  ulcers 
in  the  same  region ;  and  in  a  third,  there  were  dried  pustules  with 
blackish  adherent  crusts  at  the  circumference  of  the  vulva  and 
extending  over  the  peiinseum.  On  the  lower  part  of  the  left  flank 
a  vesicle  was  discovered  surmounted  by  a  crust,  and  when  the  latter 
was  detached  a  sero-sanguinolent  liquid  oozed  from  the  exposed 
surface.  M.  Peuch  recognised  the  true  nature  of  this  disease, 
having  several  times  previously  had  the  opportunity  of  examining 
mares  with  a  vesicular  eruption  round  the  vulva  after  coition, 
which  eruption  he  had  studied  from  its  first  appearance  to  complete 
cicatrisation,  and  had  ascertained  to  be  horse-pox. 

On  proceeding  to  Rieumes,  M.  Peuch  inspected  eleven  stallions, 
six  horses,  and  five  asses.  In  one  ass  there  were  several  vesicles 
on  the  right  side  of  the  penis  scattered  about  from  the  base  to  the 
glans.  In  another  ass  there  was  a  trace  of  a  vesicle  on  the  penis 
and  a  characteristic  vesicle  on  the  left  nostril. 

In  an  old  bay  mare  there  were  the  remains  of  an  eruption 
on  the  circumference  of  the  vulva,  and  in  an  old  white  mare  there 
were  not  only  vesicles  on  the  vulva,  but  in  addition  vesicles  on  the 
inner  side  of  the  lower  lip.  M.  Peuch  drew  special  attention  to 
these  cases  as  likely  to  be  confounded  with  aphthous  stomatitis,  but 
the  existence  of  the  same  eruption  on  other  parts  of  the  body  is  an 
important  aid  in  making  a  diagnosis  of  horse-pox. 

At  Labastide- Clermont  one  mare  was  particularly  noticed. 
This  mare  had  been  served  on  the  19th  and  21st  of  April,  and  on  the 
occasion  of  the  inspection.  May  1 1th,  there  were  the  remains  of  an 
eruption  around  the  vulva,  and  lymphangitis  existed  in  the  right 
posterior  limb,  which  was  engorged,  hot,  and  painful  in  its  whole 
extent,  so  that  the  animal  walked  with  difficulty.  The  proprietor 
had  contracted  the  disease  in  attending  to  his  mare,  and  exhibited 
a  vesicle  on  the  thumb  of  the  right  hand,  excoriated  and  blackened, 
but  still  recognisable. 

Some  of  the  crusts  collected  from  the  cases  at  B^rat  were  used 
for  inoculating  a  cow.  The  result  was  successful,  and  the  disease 
was  transmitted  by  inocidation  to  a  heifer  and  several  students  and 
children. 
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M.  Peuch  ascertained  that  hone-pox  caused  considerable  alarm 
from  the  fact  that  the  breeders  regard  this  eruptive  affection  as 
syphilitic,  and  this  alarm  consequently  brings  discredit  upon  the 
breeding  establishment  whence  the  iUness  has  spread.  He  was  also 
led  to  appreciate  the  gpreat  necessity  for  further  study  of  this  disease 
in  relation  to  dcvrine  or  maiadie  du  eoiL 

In  1882  M.  Peuch  had  the  opportunity  of  investigating  a  case 
of  horse-poK  in  Algeria.  The  disease  occurred  in  a  thoroughbred 
Arab.  There  was  an  eruption  of  vesideSy  and  there  was  also  an 
ulcer  the  size  of  a  five-franc  piece  in  the  nostril.  In  the  mouth  and 
on  the  lips  there  were  a  number  of  small  vesicles  about  the  size  of 
a  pea.  The  sublingual  glands  were  engorgedy  hot,  and  painful  on 
pressure.  The  coat,  in  patches,  on  the  lateral  aspect  of  the  neck, 
on  the  shoulders,  the  flanks,  and  in  the  hollow  of  the  heel,  was 
staring,  giving  the  appearance  of  small  paint-brushes.  On  passing 
the  hand  over  these,  vesicles  could  be  detected  partly  dry  and  partly 
secreting. 

The  disease  was  transmitted  to  cows,  and  from  cows  to  about 
one  thousand  five  hundred  persons. 

Oases  similar  to  the  one  just  described,  in  which  there  is  more  or 
less  marked  ulceration  of  the  nostril  or  nasal  septum,  must  be  care- 
fully distinguished  from  glanders.  And  again,  when  the  sublingual 
glandn  are  affected  the  disease  may  be  mistaken  for  strangles. 

Nature  and  Affinities. 

H<>r8e-];x)x  and  human  small-pox  are  quite  distinct  diseases, 
and  the  theory  that  liorse-pox  is  derived  from  grooms  or  other 
attendants  suffering  from  small-pox  may  be  dismissed  without 
further  comment. 

Horfe-pox  is  never  infectious,  but  is  communicated  solely  by 
contact — either  by  grooms  inoculating  the  virus  wdtli  their  hands, 
sponges,  or  brushes,  or  by  horses  coming  into  contact  with  each  other, 
and  in  breeding  establishments  by  coition.  Auzias  Turenne,  who 
wrote  exhaustively  on  tliis  subject,  maintained  that  horse-pox  came 
into  the  same  category  of  diseases  as  syphilis  in  man. 

''A  un  point  de  vue,  le  grease  pustuleux  inocul^  offre  la  plus 
parfaite  ressemblance  avec  la  verole  inocul^,  par  le  produit  des 
accidents  sec^ndaires.  Des  deux  cot^  nous  voyons,  absence  de 
contagion  par  la  voie  de  Tatmosph^re,  travail  local,  retentis.sement 
lymphatique  et  ganglionaire,  fermentation  universelle  de  Torganisme, 
eruption  g^n^rale  et  immunity  acquise  contre  de  nouvelles  atteintes. 

"A  un  autre  point  de  vue,  la  ressemblance  avec  la  variole  est 
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frappante.     Mais  il  s'en  distingue  enoriu^ment  par  Tabsence  de  la 
contagiosity  atmosph^rique." 

Human  small-pox  belongs  to  a  different  group  of  diseases,  and 
has  affinities  rather  with  small -pox  of  sheep  and  cattle  plague, 
diseases  which  are  not  only  inoculable,  but  highly  infectious.  Human 
small-pox  is  an  infectious  disease  characterised  by  sudden  and  severe 
fever,  foUowed  after  forty-eight  hours  by  a  generalised  eruption ;  horse - 
pox  commences  as  a  local  affection,  and  constitutional  symptoms 
follow.  Auzias  Turenne,  guided  by  analogy,  described  the  general- 
ised eruptions  following  '* grease"  or  horse-pox  as  gj'easidea  {^^comme 
on  dU  syphUidea^^), 

Horse-pox  and  human  syphilis  are  absolutely  distinct  diseases; 

£knd  there  is  no  more  ground  for  believing  that  horse-pox  originates 

In  human  S3rphilis  than  there  is  for  accepting  the  theory  that  it  arises 

from  grooms  suffering  from  small-pox.     Syphilis  artificially  inocu- 

3-  ated  on  the  human  subject  only  resembles  the  casual  or  intentional 

JLnoculation  of  virtUeni  horse-pox.     The  stages  of  papulation,  vesicu- 

3&tion,  ulceration,  scabbing,  and  the  formation  of  a  permanent  scar, 

^3ccur  in  inoculated  syphilis,  and  if  we  examine  Ricord's  illustrations 

:tfmd  study  the  experiments  of  Auzias  Turenne,  we  cannot  fail  to 

Ibe  struck  with  the  remarkable  similarity  to  the  results  obtained  and 

depicted  by  Jenner. 

But   in   order   to  follow  the  argument   of  Auzias   Turenne  we 

must  study  the  ncUural  and  casual  horse-pox.     And  if  we  are  not 

/amiliar  with  what   has   been  written   on   this  subject,  and  if  we 

restrict  our  knowledge  to  the  artificially  cultivated  horse-pox,  we 

slxall  fail  to  recognise  the  disease  when  we  meet  with  it,  and  we  shall 

l>©  liable  to  attribute  the  results  of  the  full  effect  of  the  virus  to 

ci-<scidental  contamination. 

Another  question  of  very  great  interest  is  the  relation  of  horse- 
to  cow-pox.     Jenner  first  of  all  propounded  the  theory  that  all 
^-pox  arose  from  horse-pox,  or  as  he  termed  it  "  the  grease,"  and 
^lius  cow-pox  and  horse- pox  were  manifestations  of  the  same  disease. 
Ifeut  it  was  established  that  cow-pox  also  arose  quite  independently 
^Df  horse-pox,  and  Jenner  was  led  to  distinguish  between  cow-pox, 
^a,  disease  peculiar  to  the  cow,  and  the  eruptive  affection  transmitted 
't^  the  cow  from  the  horse,  which  farmers  and  others,  by  a  strange 
^perversion  of  tei*ms,  called  the  cow-pox.     Whether  the  eruption  of 
<^w-pox  can  be  distinguished  from  the  eruption  of  horse-pox  com- 
municated to  the  cow,  and  whether  cow-pox  and   horse- pox  are 
identical,  or  only  analogous,  are  questions  which  call   for  further 
investigation. 
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Bacteria  in  Horse-pox. — Outbreaks  of  horse-pox  have  not 
been  investigated  from  the  bacteriological  point  of  view,  and  the 
nature  of  the  contagium  is  unknown. 

Cow-pox. 

Cow-pox  is  a  vesicular  disease  of  the  teats  of  oowa.  It  is  never 
infectious,  and  only  attacks  cows  in  milk,  the  virus  being  transferred 
from  cow  to  cow  by  the  hand  of  the  milker.  The  disease  is  com- 
municable to  milkers,  and  the  virus  artificially  inoculated  produces 
what  is  commonly  known  as  vaccinia.  In  its  clinical  history  and 
epidemiology  cow-pox  is  totally  distinct  from  human  small-pox,  and 
the  hypothetical  and  entirely  erroneous  suggestion  that  the  disease 
arises  from  milkers  suffering  from  human  small-pox  is  responsible 
for  the  belief  which  prevailed  until  recently,  that  cow-pox  wa»  an 
extinct  disease  in  this  country ;  but,  by  the  author's  researches,  this 
has  been  shown  to  be  a  mistake. 

Cow-ix)x  is  not  a  rare  disease,  and  it  has  never  been  found  to 
arise  fi*om  a  milker  suffering  from  small-pox.  As  this  is  a  matter 
of  great  importance  in  discussing  the  etiology  of  the  disease,  the 
history  of  outbreaks  and  the  clinical  characters  of  cow-pox  will  be 
given  in  considerable  detail. 

According  to  Jenner,  cow-pox  had  been  known  among  fai*mer8 
from  time  immemorial.  He  refers  to  cases  occurring  in  1770,  1780, 
1782,  1791,  1794,  1796,  and  1798.  In  1799  cow-pox  was  raging  in 
the  dau'ies  in  London,  and  outbreaks  were  investigated  by  Woodville, 
Pearson,  and  Bradley.  In  the  same  year  cow-pox  broke  out  at 
Norton  Nibley,  in  Gloucestershire.  Pearson  and  Aikin  referred  to 
the  prevakMice  of  cow-|)ox  in  Wilts,  Somerset,  Devon,  Bucks,  Dorset, 
Norfolk,  Suffolk,  Leici'stershire,  and  Staffordshire ;  and  Barry  men- 
tioned its  prevnlenct^  in  Ireland. 

From  this  time  onwards,  for  a  long  i)eriod,  natural  cow-pox 
received  little  or  no  attention  in  this  country.  Fresh  stocks  of  lymph 
were  raistnl  for  the  purjwses  of  vaccination,  but  no  further  attention 
was  given  to  studying  the  disease  in  the  cow.  In  1836  Leese 
descril)ed  an  outbreak  of  (x>w-pox,  an<l  m  18.38  Estlin  discovereii  an 
outbreak  in  Gloucastershire.  In  1838-39  cow-jwx  was  met  with 
by  Mr.  Fox,  of  Cerne  Abbas,  and  again  in  1839,  in  Dorsetshire,  by 
Mr.  Sweeting.  Ceely  fretjuently  met  with  cow-pox  in  the  Vale  of 
Aylesbury,  and  particularly  refers  to  outbreaks  in  1838,  1840,  1841, 
and  1845.  But  after  this,  outbreaks  of  this  disease  in  the  cow  were 
not  reconleil,  though  several  medic^il  practitioners  met  .with  the 
disease   and   raisetl    frtsh   stocks   of   vaccine    lymph.     Thus,    when 
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inquiries  were  made  in  1857,  it  was  found  that  Mr.  Donald 
Dalrjmple,  of  Norwich  (on  two  occasions),  Mr.  Beresford,  of  Nar- 
borough,  in  Leicestershire,  Mr.  Gorham,  of  Aldeburgh,  Mr.  Alison, 
of  Great  Eetford,  Mr.  Coles,  of  Leckhampton,  Mr.  Rudge,  of 
Leominster,  and  one  or  two  others,  had  met  with  outbreaks  of 
cow-pox. 

In  1885  cow-pox  was  discovered  by  the  author  in  Wiltshire.  The 
publication  of  the  fact  led  to  the  recognition  of  the  disease  in  the 
same  year  in  many  parts  of  England,  and  cases  were  met  with  in 
man  in  1888  by  Mr.  Forty  in  Gloucestershire,  and  by  Mr.  Bucknill 
near  London  in  1894. 

In  Italy,  cow-pox  was  found  by  Sacco  in  the  plains  of  Lombardy 
in  1800,  and  by  other  practitioners  in  1808-9.  In  1812  it  was 
observed  at  Naples  by  Miglietta ;  in  1830  in  Piedmont ;  and  in  1832 
and  1843  at  Rome,  by  Dr.  Maceroni.  More  recently,  several  out- 
breaks of  cow-pox  have  been  met  with  in  this  country,  and  the  stocks 
of  vaccine  lymph  renewed. 

In  France,  in  1810,  cow-pox  was  found  in  the  department  of 
La  Meurthe,  and  in  1822  at  Clairvaux ;  at  Passy,  Amiens,  and 
Hambouillet  in  1836 ;  at  Houen  in  1839  ;  at  St.  lllide,  at  St.  Seine, 
and  at  Peiylhac,  in  1841  ;  in  1842  at  Pagnac ;  in  1843  at  Deux 
Jumeaux,  where,  during  the  previous  thirty  years,  several  fresh 
stocks  of  lymph  had  been  raised  and  circulated.  The  disease  occurred 
in  a  cow  belonging  to  M.  Majendie  in  1844,  and  it  was  found  at 
Wasseloune,  in  the  department  of  Bas  Rhin,  in  1845  ;  it  occurred  in 
three  other  departments  in  1846  ;  at  Rheims,  and  in  the  department 
of  Eure  et  Loire,  in  1852 ;  in  the  arrondissement  of  Sancerre,  and  at 
Beziers  in  1854;  and  at  Guyonville  in  1863.  It  broke  out  on  farms 
in  three  villages  near  Nogent  in  1864  (the  disease  was  introduced  by 
newly  purchased  cows  ;  milkers  were  infected,  and  from  one  of  these 
milkers  a  lymph  stock  was  established) ;  it  also  occurred  in  1864,  at 
Petit  QueviUy,  near  Houen ;  and  in  April  1866  at  Beaugency ;  in 
1881  at  Eysines,  near  Bordeaux,  and  again  at  the  same  place  in 
1883;  and  in  1844  at  C^rons. 

In  Germany,  as  soon  as  attention  had  been  drawn  to  the  disease, 
cow-pox  was  frequently  discovered.  There  were  as  many  as  thirty - 
eight  outbreaks  reported  in  one  year  in  Wurtemberg. 

It  is  hardly  necessary,  after  reciting  these  instances,  to  insist 
that  cow-pox  is  far  from  being  a  rare  disease,  as  many  have  sup- 
posed who  are  unacquainted  with  the  literature  of  the  subject  and 
unfamiliar  with  the  appearances  of  the  natural  disease  in  the 
cow. 
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Natural  and  Casual  Cow-pox. 

To  appreciate  the  characters  of  the  natural  disease  in  the  cow, 
we  must  dismiss  fn)m  our  minds  the  artificial  disease  txicctnia,  for 
the  ordinary  results  of  vaccination  stand  in  much  the  same  relation 
to  the  natural  disease  cow-pox  as  the  benign  vesicle  of  variolatiou  to 
natural  small- pox. 

The  description  of  cow-pox  given  by  Jenner,  in  1798,  was  the 
first  published  account.  The  disease  in  the  cow  was  described  as 
consisting  of  irregular  pustules  on  the  teats,  of  a  palish  blue  colour, 
surrounded  by  an  erysipelatous  inflammation,  and  characterised  by 
a  tendenc}'  to  degenerate  into  phagedenic  ulcers.  The  animals  were 
indisposed  and  the  secretion  of  milk  lessened. 

In  referring  to  an  outbreak  which  occurred  epizootically  in 
London  in  February  1799,  Dr.  Bradley  gave  a  coloured  plate  of  the 
disease  on  the  arm  and  fingers  of  a  milker.  The  cow-pox,  he  said, 
in  this  instance,  **  appears  to  have  been  very  mild,  for  no  loss  was 
experienced  by  the  farmers  from  the  deficiency  of  milk,  as  usually 
happens." 

These  early  descriptions  were  supplemented  by  an  account  of 
cow-i>ox  by  Mr.  Lawrence,  author  of  A  Philoaophical  and  Pmdieal 
Treatise  on  Horses,  and  on  the  Moral  Duties  of  Man  toward  the  BrtUe 
Creation,  L«iwrence*s  article  on  cow-pox  not  only  affords  evidence 
that  this  diseiiso  was  known  to  those  who  had  the  care  of  cattle 
before  Jenuer's  paper  was  publishe<l,  but  it  shows  that  it  had  also 
been  made  the  subject  of  practical  observation  and  study  by  veteri- 
narians. Lawrences  concluded  by  saying  :  "  Whatever  may  be  the 
fat<^  of  cow-pox  inoculation,  it  has  and  will  give  further  occasion  to 
a  pretty  large  and  ()})en  discussion,  which  is  always  beneficial  as 
having  a  tt^ndency  to  [)roduce  discovery  and  promote  improvement ; 
and  wheu  the  public  ardour  for  the  present  topic  shall  have  become 
a  little  cool  and  siitisfied,  I  \u)\)e  it  will  be  turne<i  by  enlightened 
men  towards  another,  perhaps  of  nearly  as  great  consequence — 
namely,  the  prevention  of  the  original  malady  in  the  animals  them- 
selves. Those  who  have  witnessed  it  and  only  reflected  upon  the 
excessive  filth  and  nastiness  which  must  unavoidably  mix  with  the 
milk  in  an  infected  dairy  of  cows,  and  the  corrupt  and  unsalubrious 
state  of  their  produce  in  conse(iuence,  will  surely  join  me  in  that 
sentiment." 

Lawrence  wjis  almost  a  century  before  his  time.  Cow-pox  was  not 
again  brought  forward  in  this  light  until  1887-88,  when  the  author 
rejxn-ted  the  contamination  of  the  milk  at  the  Wiltshire  farms,  and 
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advocated  the  advisability  of  placing  this  disease  under  the  Con- 
tagious Diseases  (Animals)  Act. 

The  numerous  pathological  details  wanting  in  the  early  accounts 
of  cow-pox  were  supplied  by  the  painstaking  and  laborious  re- 
searches of  Robert  Ceely.  From  his  classical  papers  in  the  Trans- 
actions of  the  Provincial  Medical  Association,  we  can  obtain  a 
complete  picture  of  the  natural  disease  in  the  cow. 

In  Ceely's  experience  in  the  Vale  of  Aylesbury,  outbreaks 
occurred  at  irregular  intervals,  most  commonly  appearing  about 
the  beginning  or  end  of  the  spring,  rarely  during  the  height  of 
summer.  There  were  outbreaks  at  all  periods  from  August  to  May 
and  the  beginning  of  June,  cases  being  met  with  in  autumn  and 
the  middle  of  winter,  after  a  dry  summer.  The  disease  was  occa- 
sionally epizootic,  or  occurring  at  times  at  several  farms  at  no  great 
distance  from  each  other,  but  was  more  commonly  sporadic  oi- 
uearly  solitary.  It  was  to  be  seen  sometimes  at  several  contiguous 
farms ;  at  other  times  at  one  or  two  farms.  Many  years  might 
elapse  before  it  recurred  at  a  given  farm,  although  all  the  animals 
might  have  been  changed  in  the  meantime.  Cow-pox  had  broken 
out  twice  in  6ve  years  in  a  particular  vicinity  at  two  contiguous 
farms,  while  at  an  adjoining  dairy,  in  all  respects  similar  in  local 
and  other  circumstances,  it  had  not  been  known  to  exist  for  forty 
years.  It  was  sometimes  introduced  into  a  dairy  by  recently 
purchased  cows.  Twice  it  had  been  known  to  be  so  introduced  by 
milch  heifers.  It  was  considered  that  the  disease  was  peculiar  to 
the  milch  cow;  it  came  primarily  while  the  animal  was  in  milk, 
and  it  was  casually  propagated  to  others  by  the  hands  of  the  milkers. 
Sturks,  dry  heifers,  dry  cows,  and  milch  cows  milked  by  other  hands, 
grazing  in  the  same  pastures,  feeding  in  the  same  sheds,  and  at 
contiguous  stalls,  remained  exempt  from  the  disease. 

For  many  years,  the  "  spontaneous "  origin  of  cow-pox  had 
not  been  doubted  in  the  Vale  of  Aylesbury.  In  all  the  cases  that 
Ceely  had  noticed  he  could  never  discover  the  probability  of  any 
other  origin. 

Condition  of  Animal  primarily  affected. — There  was  much  diffi- 
culty in  determining  at  all  times,  with  precision,  whether  this 
disease  arose  primarily  in  one  or  more  individuals  in  the  same  dairy. 
Most  commonly,  however,  it  appeared  to  be  solitary.  The  milkers 
believed  they  were  able  to  point  out  the  infecting  individual.  In 
two  instances,  there  could  be  very  little  doubt  on  this  point.  In 
August  1838,  three  cows  were  affected  with  the  disease.  The  first 
was  attacked   two  months  after   calving   and   seven   weeks  after 
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weaning.  This  animal  was  considered  in  good  health,  but  it  looked 
out  of  condition.  Heat  and  tenderness  of  the  teats  and  udder  were 
the  first  noticed  signs.  The  other  two  were  affected  in  about  ten 
days.  In  December  1838,  in  a  large  dairy,  a  milch  cow  slipped  her 
calf,  had  heat  and  induration  of  the  udder  and  teats,  with  cow-pox 
eruption,  and  subsequently  leucorrhoea  and  greatly  impaired  health ; 
the  whole  dairy,  consisting  of  forty  cows,  became  subsequently 
afPected,  and  also  some  of  the  milkers.  In  another  dairy,  at  the 
.same  time,  it  fii'st  appeared  in  a  heifer  soon  after  weaning,  and  in 
alx)ut  ten  or  twelve  days  extended  to  five  other  heifers  and  one  cow, 
milked  in  the  same  shed,  affecting  the  milkers.  And  in  another 
dairy  thirty  cows  were  severely  affected,  and  also  one  of  the  milkers. 
It  appeared  to  originate  in  a  cow  two  months  after  calving.  The 
only  symptoms  noticed  were  that  the  udder  and  teats  were  tumid, 
tender,  and  hot  just  before  the  disease  appeared. 

Condition  of  Animals  castuUly  affected, — In  some  animals,  it  was 
less  severe  than  in  others,  depending  on  the  state  and  condition  of 
the  skin  of  the  parts  affected,  and  the  constitution  and  habit  of  the 
animal.  It  was  sometimes  observed  to  diminish  the  secretion  of 
milk,  and  in  most  cases  it  commonly  did  actually  affect  the  amount 
artificially  obtained  ;  with  this  exception,  and  the  temporary  trouble, 
and  accidents  to  the  milk  and  the  milkers,  little  else  was  observed ; 
the  animal  continued  to  feed  and  graze  apparently  as  well  as  before. 
The  topical  effects  varied  very  much  in  different  individuals  ;  the 
mildness  or  sevei'ity  being  greatly  influenced  by  temperament  and 
condition  of  the  animal,  and  especially  by  the  state  of  the  teat-s  and 
udder,  and  the  texture  and  vascularity  of  the  skin  of  the  parts 
affected.  Where  the  udder  was  short,  compact,  and  hairy,  and  the 
skin  of  the  teats  thick,  smooth,  tense,  and  entire,  or  scarcely  at  all 
chapped,  cracked,  or  fissured,  the  animal  often  escaped  with  a  mild 
affection,  sometimes  with  only  a  single  vesicle.  But  where  the 
udder  was  voluminous,  flabby,  pendulous,  and  naked,  the  teat>i 
long  and  loose,  and  the  skin  corrugated,  thin,  fissured,  rough,  and 
unequal,  then  the  animal  scarcely  ever  escaped  a  copious  eruption. 
Hence,  in  general,  heifers  suffere<l  least,  and  cows  most,  from  the 
milkers*  manipulations. 

Progress  of  the  Disease, — Cow-pox  once  arising  or  introduced,  and 
the  necessary  precautions  not  being  adopted  in  time,  appeare<l  in  ten 
or  twelve  days  on  many  more  cows  in  succession,  so  that  among 
twenty-five  cows  perhaps  by  the  third  week  nearly  all  would  be 
affected  ;  but  fi\e  or  six  weeks  or  more  were  required  before  the 
teats  were  |)erfectly  free  from  the  disease. 
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Propagation  by  the  Hand  of  the  Milker, — Ceely  was  able  to  confirm 
the  way  in  which  the  disease  was  said  to  spread.  In  December 
1838,  on  a  large  dairy  farm,  where  there  were  three  milldng-sheds, 
cow-pox  broke  out  in  the  home  or  lower  shed.  The  cows  in  this 
shed  being  troublesome,  the  milker  fi*om  the  upper  shed,  after 
milking  his  own  cows,  came  to  assist  in  this  for  several  days,  morning 
and  evening,  when  in  about  a  week  some  of  his  own  cows  began  to 
exhibit  the  disease.  It  appears  that,  having  chapped  hands,  he 
neglected  washing  them  for  three  or  four  days  at  a  time,  and  thus 
conveyed  the  disease  from  one  shed  to  another.  During  the  progress 
of  the  disease  through  this  shed,  one  of  the  affected  cows,  which  had 
been  attacked  by  the  others,  was  removed  to  the  middle  shed,  where 
all  the  animals  wei-e  perfectly  well.  This  cow,  being  in  an  advanced 
stage  of  the  disease,  and  of  course  difficult  to  milk  and  dangerous 
to  the  milk-pail,  was  milked  first  in  order  by  the  juvenile  milker  for 
three  or  four  days  only,  when,  becoming  unmanageable  by  him,  its 
former  milker  was  called  in  to  attend  exclusively  to  it.  In  less  than 
a  week,  all  the  animals  of  this  shed  showed  symptoms  of  the  disease, 
though  in  a  much  milder  degree  than  it  had  appeared  in  the  other 
sheds,  fewer  manipulations  having  been  performed  by  an  infectetl 
blind. 

Topical  Symptoms  of  t/ie  Natural  Disease. — For  these,  Ceely  was 
almost  always,  in  the  early  stage,  compelled  to  depend  on  the  obser- 
vations and  statements  of  the  milkers.  They  stated  that  for  three 
or  four  days,  without  any  apparent  indisposition,  they  noticed  heat 
and  tenderness  of  the  teats  and  udder,  followed  by  irregularity  and 
pimply  hardness  of  these  parts,  especially  about  the  bases  of  the 
teats  and  adjoining  the  vicinity  of  the  udder ;  these  pimplas  on  skins 
not  very  dark  are  of  a  red  colour,  and  generally  as  large  as  a  vetch 
or  a  peii,  and  quite  hard,  though  in  three  or  four  days  many  of 
these  increase  to  the  size  of  a  horse-l)ean.  Milking  is  generally 
very  painful  to  the  animal ;  the  tumours  rapidly  increase*  in  size, 
vesicate,  and  are  soon  broken  by  the  hands  of  the  milker.  Milking 
now  becomes  a  troublesome  and  occasionally  a  dangerous  procesi?. 
Ceely  adds :  **  It  is  veiy  seldom  that  any  pei'son  competent  to 
judge  of  the  nature  of  the  ailment  has  access  to  the  animal  before 
the  ap|)earance  of  the  disease  on  others  of  the  herd,  when  the  cow 
first  affected  presents  on  the  teats  acuminated,  ovoid,  or  globular 
vesications,  some  entire,  others  broken,  not  infrequently  two  or  three 
interfluent ;  those  broken  have  evidently  a  central  depression  with 
marginal  induration ;  those  entire,  being  punctured,  diffuse  a  more 
or  less  viscid  amber-coloured  fluid,  collapse,  and  at  once  indicate  the 
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same  kind  of  central  and  marginal  character.      They   appear  of 
various  sizes,  from  that  of  a  pin's  head,  evidently  of  a  later  date, 
either  acuminated  or  depressed,  to  that  of  an  almond  or  a  filbert,  or 
ever  larger.     Dark  brown,  or  black,  solid,  uniform  crusts,  especially 
on  the  udder  near  the  base  of  the  teats,  are  visible;  at  the  same  time, 
some  much  larger  are  observed  on  the  teats;  these,  however,  are 
leas  regular  in  form  and  less  perfect.     Some  are  nearly  detached, 
others  quite  removed,  exliibiting  a  raw  surface  with  a  slight  central 
slough.      On  the  teats,  the  crusts  are   circular,   oval,   oblong,   or 
irregular ;   some  flat,  others  elevated,  some  thin  and  more  trans- 
lucent, being  obviously  secondary.     The  appearance  of  the  diseiise 
in  different  stages,  or  at  least  the  formation  of  a  few  vesicles  at 
different  periods,  seems  very  evident.     The  swollen,  raw,  and  en- 
crusted teats  seem  to  produce  uneasiness  to  the  animal  only  while 
subjected  to  the  tractions  of  the  milkers,  which  it  would  appear  are 
often  nearly  as  effectual  as  usual."     Referring  again  to  the  character 
of  the  vesicle,  Ceely  sjiys,  that  "  those  fortunate  enough  to  have  an 
opportunity  of  watching  the  disease  in  its  progress  may  observe 
that,  when  closely  examined,  they  present  the  following  characters : 
In   animals  of   dark   skin,   at   this   period,  the   finger  detects  the 
intumescent  indurations  often  better  than  the  eye,  but  when  closely 
examined  the  tumours  present  at  their  margins  and  towards  their 
centres  a  glistening  metallic  lustre  or  leaden  hue ;  but  this  is  not 
always  the  case,  for  occasionally  they  exhibit  a  yellowish  or  yellowish- 
white  appearance." 

In  describing  the  crusts  in  detail,  Ceely  says  that  "  large  black 
solid  crusts,  often  more  than  an  inch  or  two  in  length,  are  to  be 
seen  in  differont  parts  of  these  organs,  some  firmly  adherent  to  a 
raw  ehjvated  bjise,  others  partially  detached  from  a  raw,  red,  and 
bleeding  surface ;  many  denuded,  florid,  red,  ulcerated  surfaces,  with 
small  central  sloughs  secreting  pus  and  exuding  blood,  the  teats 
<»xceedingly  tender,  hot,  and  swollen.  ...  In  some  animals,  under 
some  circumstanct^s,  this  state  continues  little  altered  till  the  third 
or  fourth  week,  rendering  the  process  of  milking  painful  to  the 
animal,  and  difficult  and  dangerous  to  the  milker." 

"In  many,  however,  little  uneasiness  seems  to  exist.  Tlie  parts 
gradually  heal ;  the  crusts,  although  often  partially  or  entirely 
renewed,  ultimately  separate,  leaving  apparently  but  few  deep 
irregular  cicatrices,  some  communicating  with  the  tubuli  lactiferi, 
the  greater  part  being  regular,  smoothly  depresseil,  circular,  or  oval." 

Ceely  illustratetl  his  classical  memoir  with  a  series  of  valuable 
coloured  drawings.     One  plate  Ls  a  faithful  picture  of  the  dise:ise  on 
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the  teats  as  it  is  ordinarily  met  with ;  the  other  is  a  composite  picture, 
consisting  of  the  disease  as  ordinarily  observed  in  the  cow,  to  which 
is  superadded  a  number  of  depressed  vesicles  as  they  occur  in  inocu- 
lated cow-pox.  It  is,  however,  an  improvement  on  a  plate  published 
by  Sacoo.  The  latter  is  an  elaborate  drawing,  representing  the  udder 
and  teats  of  a  cow,  with  an  eruption  purporting  to  be  the  natural 
oow-pox.  Jenner  had  described  a  bluish  tint  in  the  vesicles  in 
natural  cow-pox,  and  Sacco  deliberately  represents  the  natural  disease 
by  a  highly  coloured  diagrammatic  illustration  in  which  he  depicts 
clusters  of  vesicles  of  inoculated  cow-pox,  coloured  blue,  and  with 
a  silvery  lustre. 

Hering  has  given  a  coloured  plate  of  the  natural  cow-pox.  On 
the  teats  are  a  number  of  oval  and  circular  buUoua  vesicles  and 
crusts.  More  recently,  Layet  has  pointed  out  the  same  characters 
in  the  cow-pox  discovered  near  Bordeaux  in  1883  and  1884.  The 
classical  characters  of  the  inoculated  disease  were  wanting,  particu- 
larly the  central  depression.  In  Wiltshire,  the  author  could  only 
distinguish,  on  the  cow's  teats,  globular  and  broken  vesicles  and 
thick  prominent  crusts  and  ulcers,  appearances  which  had  very 
little  in  common  with  the  ordinary  results  of  vaccination. 

The  early  accounts  of  the  severe  character  of  the  disease  will 
appear  by  no  means  exaggerated  to  those  who  have  had  an  oppor- 
tunity of  studying  the  effects  on  the  hands  of  the  milkers,  or  indeed 
to  those  who  have  made  themselves  familiar  with  the  descnptions 
given  by  Jenner,  in  some  of  his  cases  : — 

^^  Jo^ph  Merret  had  several  sores  on  his  hands,  swelling  and  stifEness 
in  each  axilla,  and  much  indisposition  for  several  days. 

**  Mrs.  H.  had  sores  upon  her  hands  which  were  communicated  to  her 
nose,  which  became  inflamed  and  very  much  swollen. 

^  Sarah  Wynne  had  cow-pox  in  such  a  violent  degree  that  she  was 
confined  to  her  bed,  and  unable  to  do  any  work  for  ten  days. 

*^  William  Rodway  was  so  affected  by  the  severity  of  the  disease  that 
be  was  confined  to  his  bed. 

"  William  Smith  had  several  ulcerated  sores  on  his  hands,  and  the 
osual  coDstitutional  symptoms,  and  was  affected  equally  severely  a  second 
and  a  third  time. 

*'  William  Stinchcomb  had  his  hand  very  severely  affected  with  several 
corroding  ulcers,  and  a  considerable  tumour  in  the  axilla. 

^'  Sarah  Nelmes  had  a  large  pustulous  sore  on  the  hand,  and  the  usual 
symptoms. 

"A  girl  had  an  ulceration  on  the  lip  from  frequently  holding  her 
finger  to  her  mouth  to  cool  the  raging  of  a  cow-pox  sore  by  blowing 
spon  it 
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"  A  young  woman  had  cow-pox  to  a  great  extent,  ■everal  sores  which 
maturated  having  appeared  on  the  hands  and  wrists. 

''  A  young  woman  had  several  krge  suppurations  from  cow-pox  on  the 
hands." 

Pearson  in  his  investigations  encountered,  and  was  informed  of, 
similar  experiences. 

**  Thomas  Edinburgh  was  so  lame  from  the  eruption  of  cow-pox  on 
the  palm  of  the  hand  as  to  necessitate  his  being  for  some  time  in  hospital. 
For  three  days  he  had  suffered  from  pain  in  the  armpits,  which  were 
swollen  and  sore  to  the  touch.  He  described  the  disease  as  uncommonly 
painful,  and  of  long  continuance. 

**  A  servant  at  a  farm  informed  Pearson  that  in  Wiltshire  and 
Gloucestershire  the  milkers  were  sometimes  so  ill  as  to  lie  in  bed  for 
several  days. 

*'  Mr.  Francis  said  that  cow-pox  was  very  apt  to  produce  painful  sores 
on  the  hands  of  milkers. 

**  A  servant  of  Mr.  Francis  said  that  cow-pox  affected  the  hands  and 
arms  of  the  milkers  with  painful  sores  as  large  as  a  sixpence. 

**  Mr.  Dolling  describes  the  disease  as  *  a  swelling  under  the  arm,  chilly 
fits,  etc.,  not  different  from  the  breeding  of  the  small-pox.  After  the 
usual  time  of  sickening,  namely,  two  or  three  days,  there  is  a  large  nicer, 
not  unlike  a  carbuncle,  which  discharges  matter.* 

**  Dr.  Pulteney  described  the  disease  as  causing  ^  a  soreness  and  swell- 
ing of  the  axillary  glands,  as  under  inoculation  for  the  small-pox,  then 
chilliness  and  rigors  and  fevers,  as  in  the  small-pox.  Two  or  three  days 
afterwards  abscesses,  not  unlike  carbuncles,  appear  generally  on  the  hands 
and  arms,  which  ulcerate  and  discharge  much  matter.' 

'*  Mr.  Bird  wrote  a  short  account :  '  It  appears  with  red  spots  on  the 
hands,  which  enlarge,  become  roundish,  and  suppurate,  tumours  take 
place  in  the  armpit,  the  pulse  grows  quick,  the  head  aches,  pains  are  felt 
in  the  back  and  limb»,  with  sometimes  vomiting  and  delirium.' 

'*  Annie  Francis  had  pustules  on  her  hands  from  milking  cows.  These 
pustules  soon  became  scabs,  which,  falling  off,  discovered  ulcerating  and 
very  painful  sores,  which  were  long  in  healing.  Some  milk  from  one  of 
the  diseaHcd  cow8,  having  spurted  on  the  cheek  of  her  sister  and  on  the 
breast  of  her  mia tress,  produced  on  these  parts  of  both  persons  pustules 
and  sores  nimilar  to  her  own  on  her  hands." 

Ill  more  recent  timen  these  descriptions  have  been  confirmed. 

In  1836  cow-pox  was  disooveretl  at  PasHy,  near  Paris.  A  black 
cow,  in  very  poor  condition,  had  cow-pox  six  weeks  after  calving. 
Boiiscjiiet  had  no  opi)ortiniity  of  seeing  the  eruption  in  the  early 
stage,  but  on  examination  he  found  reddish-brown  crusts  on  the 
teats,  wliich  later  gave  place  to  puckereil  scars.  The  milk- woman, 
Fhniry,  who  had  had  small-pox,  nevertheless  contracted  the  disease 
from  the  cow.     She  had  several  vesico-pustules  on  the  right  hand 
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and   on   her   lips.     A  vasico- pustule,   when  opened  with  a  lancet, 
discharged  like  an  abscess. 

Tn  a  letter  to  Mr.  Badcock,  dated  April  3rd,  1845,  Ceely  refeiTed 
to  another  new  stock  of  lymph  raised  from  a  milker's  hand.  He 
added : — 

"  In  the  enclosed  lymph  I  see  nothing  unusually  severe,  except 
on  very  thin  skins ;  although  the  milker's  hand  exhibits  now  rough 
ulcers,  one  on  the  hand  deep  enough  to  encase  a  bean." 

Recent  discoveries  of  cow-pax  in  England, — After  Ceely 's  cases  in 
1840-41,  no  cases  of  casual  cow-pox  on  the  hands  of  milkers  were 
recognised  as  such  and  recorded  in  this  country  for  nearly  fifty  years. 
In  the  outbreak  of  cow-pox  discovered  by  the  author  in  December 
1887,  in  Wiltshire,  the  disease  was  communicated  to  nearly  all  the 
milkers.  The  reader  is  referred  to  the  account  of  this  outbreak, 
which  has  already  been  given  in  the  chapter  on  scarlet  fever  (p.  274). 

The  author's  researches  were  confirmed  by  Mr.  Forty  in  1888, 
and  Mr.  Bucknill  in  1895. 

In  June  1888  Mr.  Foi'ty,  in  practice  at  Wotton- under- Edge, 
Gloucestershire,  reported  to  the  Local  Ck)vernment  Board,  that  at 
a  farm  at  Alderley,  an  eruptive  disease  on  the  udder  and  teats  was 
occurring  amongst  cows,  and  that  the  farmer's  son,  and  other  persons 
engaged  as  milkers,  had  contracted  an  eruption  like  that  of  the  cows. 
The  farmer's  son  had  been  under  Mr.  Forty's  care  suffering  from  an 
eruption,  and  circum-anal  piles.  Mr.  Forty  had  watched  the  courae  of 
the  eruption  from  papules  to  vesicles  and  scabbing,  and  concluded 
that  the  eruption  could  not  be  distinguished  from  vaccinia.  Klein 
visited  the  farm,  and  found  a  number  of  cows  with  sores  on  the  teats 
and  udders.  The  sores  were  of  various  sizes  and  outline,  mostly 
irregular,  and  covered  with  brown  or  black  scabs.  Those  on  the 
teats  weixj  larger  and  more  irregular  than  those  on  the  udder. 
Klein  was  shown  several  milkei-s  who  had  had  sores  on  one  or  more 
fingers ;  one  had  had  a  bad  arm  with  swollen  axillary  glands. 
The  farmer  had  also  contracted  the  eruption ;  but  in  these  persons 
only  scabs  were  visible  as  the  remnants  of  their  sores. 

A  girl  of  about  twenty  had  taken  the  place  of  an  incapacitated 
milker,  and  noticed  a  red  pimple  form  on  the  dorsjil  surface  of  her 
right  thumb.  Eight  days  afterwards  thei'e  was  a  slightly  raised 
circular  vesicle,  with  dark  centre  and  pale  periphery ;  the  centre  of  the 
vesicle  was  slightly  depressed.  It  was  just  under  half  an  inch  in 
diameter  ;  there  was  peripheral  redness,  but  no  marked  areola.  The 
girl  had  tliree  good  vaccination  marks. 

Klein  experimented  on  calves  with  lymph  from  the  vesicle  and 

21 
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crusts  from  the  cow's  teats,  with  the  result  that  from  both  sources 
an  eruption  was  produced,  which  in  appearance  and  course  was  like 
vaccinia.  With  lymph  from  one  of  the  calves,  a  public  vaccinat<»r 
inoculated  a  luimber  of  infants,  and  fine  vesicles  developed,  indis- 
tinguishable from  vaccinia. 

In  1894  Mr.  Bucknill  met  with  a  case  in  a  milkman.  He  had 
been  milking  a  cow  affected  with  cow-pox,  and  on  the  ninth  day  after 
exposure  to  infection,  and  the  seventh  day  after  the  eruption  of  the 
first  papule,  there  were  three  pocks  on  the  fore-arm.  The  pocks 
were  elevated,  circular,  and  umbilicated,  with  a  dull,  creamy- white 
ring  at  the  circumference,  and  there  was  well-marked  induration 
and  extensive  areola.  There  were  four  excellent  marks  of  primary 
vaccination.  The  vesicles  contained  clear  lymph,  and  re-inoculation 
of  the  arm  failed  to  take.  An  attempt  to  i*e-vaccinate  the  man 
with  current  calf  lymph  produced  only  topical  irritation. 

Inoculated  Cow-pox. 

Natural  or  Viritlent  Li/mph, — Severe  symptoms  are  not  limited  to 
milkers  casually  infected  from  the  cow.  Under  certain  conditions, 
artificial  inoculation  of  fresh  virus  from  the  cow  reproduces  the 
disease  without  any  mitigation.     Thus,  in  Jenner's  cases  : — 

**  James  Phipps.  The  incisions  assumed  at  their  edges  rather  a 
darker  hue  than  in  variolous  inoculation,  and  the  efflorescence  around 
them  took  on  more  of  an  erysipelatous  look.  They  terminated  in 
scabs  and  subsecfiient  eschars. 

"  Susan  Phipps  was  inoculated  fi-om  the  cow  by  inserting  matter 
•  into  a  superficial  scratch  on  Di'cember  2nd.  The  child's  arm  now 
showed  a  disjK)8ition  to  scab,  and  remained  nearly  stationary  for 
two  or  three  days,  when  it  began  to  run  into  an  ulcerous  state, 
and  then  comniencod  a  febrile  indispasition,  accompaniekl  with  an 
increase  of  axillary  tumour.  The  ulcer  continued  spreading  near 
a  week,  during  which  the  child  continued  ill,  when  it  increased  to 
a  size  nearly  as  large  as  a  shilling.  It  began  now  to  discharge  pus ; 
granulations  sprung  up,  and  it  healed." 

Jenner's  hTiiph  was  employed  by  Mr.  Cline  with  similar  result. 

"  The  child  sickened  on  the  seventh  day,  and  the  fever,  which 
was  moderate,  subsided  on  the  eleventh.  .  .  .  The  ulcer  was  not 
large  enough  to  contain  a  [>ea." 

Pi'ecisely  similar  experiences  have  since  been  encountered,  in  the 
early  removes  of  fresh  stocks  of  virulent  lymph.  Bousquet  in  France, 
in  his  first  trials  with  a  new  lymph,  in  1836,  made  three  punctures, 
but  he  had  soon  to  abandon  this  practice,  because  the  intensitv 
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of  the  inflammation  was  sometimes  so  great  that  it  spread  over  the 
entire  arm  as  far  as  the  glands  of  the  axilla.  In  one  case,  the 
vesicles  were  enormous,  and  the  inflammation  so  violent,  that  baths, 
poultices,  fomentations,  and  antiphlogistic  diet  scarcely  siifiiced 
to  reduce  it.  The  crusts  when  they  fell  off  left  ulcerations  which 
were  veiy  slow  to  undergo  cicatrisation.  In  some  cases,  the  vesicles 
which  resulted  hollowed  out  the  skin  so  deeply  that  they  left  regulai* 
holes. 

In  the  following  year  Estlin,  in  England,  started  a  stock  of  fresh 
vaccine  virus  from  the  cow,  and  found  on  inoculating  children  that 
the  new  lymph  was  extremely  active. 

In  52  the  disease  was  regular, 

1  severe  erysipelas, 
4  erythematous  eruptions  of  a  violent  character, 

2  highly  inflamed  ulcerated  arms, 
1  no  effect  after  twice  vaccinating, 
8  result  unknown  ;  supposed  to  have  been  favourable. 

68 

CuUivcUed  or  AUenuated  Lymph, — When  cow-pox  lymph  has 
been  mitigated  by  successive  transmission  through  the  human  subject, 
or  by  cultivation  on  the  belly  of  the  calf,  with  careful  selection 
of  vesicles,  it  will  produce  effects  which  are  as  follows :  About 
the  end  of  the^  second  day  after  insertion,  or  early  on  the  third  day, 
a  slight  papular  elevation  is  noticeable.  By  the  fifth  or  sixth  day, 
it  has  become  a  distinct  vesicle,  of  a  bluish- white  colour,  with  raised 
margin  and  central  cup-like  depression.  By  the  eighth  day,  the 
vesicle  is  perfect.  It  is  circular,  pearl-coloured,  distended  with  clear 
lymph,  and  the  central  depression  \a  well  marked.  On  the  same  day, 
or  a  little  earlier,  the  areola  begins  to  appear,  and  gradually  extends 
to  a  diameter  of  .fi*om  one  to  three  inches,  accompanied  with 
induration  and  tumefaction  of  the  subjacent  connective  tissue.  After 
the  tenth  day,  the  areola  begins  to  fade,  and  the  vesicle  at  the  same 
time  begins  to  dry  in  the  centre ;  the  lymph  becomes  opaque  and 
gradually  concretes,  and  by  the  fourteenth  or  fifteenth  day,  a  hard 
mahogany-coloured  scab  is  formed  which  contracts,  dries,  blackens,  and 
falls  off  between  the  twentieth  and  twenty-fifth  days.  A  circular, 
depressed,  foveated,  and  sometimes  radiated  scar  remains  behind. 
By  selecting  characteristic  vesicles  on  the  calf  or  on  the  human 
subject,  and  by  collecting  the  lymph  at  an  ejirly  stage  on  the  fifth, 
sixth,  or  seventh  day,  this  artificial  disease,  commonly  known  as 
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vaccinia,  can  be  kept  up  in  this  comiMiratively  mild  form.  But 
under  certain  conditionH,  such  as  a  peculiarity  in  the  subject  inocu- 
lated, or  if  lymph  be  taken  too  late,  there  will  be,  just  as  in  variolation, 
tendency  to  revert  to  the  full  intensity  of  the  natural  virus. 

Bacteria  in  Vaccine  Lymph.— Ck)hn,  Sanderson,  and  Godlee 
described  micrococci  in  vaccinal  vesicleb.  Quist  and  Ferr^  in  1883 
investigated  the  same  subject.  Voigt  in  1885  distinguished  three 
species  of  micrococcus — a  diplococcus,  a  large  coccus,  and  a  third  form. 
Bauer  in  the  same  yejir  described  the  presence  of  bacilli  and  sphsero- 
cocci.  Marotta  in  1886  regarded  a  tetracoccus  as  the  specific  micro- 
organism, and  Teniiot  in  1887  distinguished  a  dozen  micrococci,  two 
bacilli,  and  two  yeasts.  In  the  same  year  Garr^  isolated  a  micrococcus 
which  appeared  to  him  to  be  the  contagium,  but  inoculated  on  a  child 
it  neither  produced  local  vesicles  nor  immunity  ;  while  Guttmann 
pointe<l  out  three  micro-organisms  which  appeared  to  be  rather  more 
constantly  present  than  others.  Pfeiffer  much  more  fully  investigated 
the  bacteriology  of  vaccine  lymph,  and  found  8accharomyces  vaccina, 
which  was  seldom  present  in  human  lymph  but  constantly  found  in 
calf  lymph  ;  sarcinse,  both  in  human  and  calf  lymph,  including  Sarcina 
lutea,  Sarcina  tetragonus,  Sarcina  aurantiaca,  Sarcina  muscopus ; 
bacteria  and  bacilli  were  found  only  exceptionally  in  human  lymph, 
but  frequently  in  calf  lymph.  These  included  a  bacteiium  corre- 
sponding with  Proteus  vulgaris. 

Three  mice  were  in()culate<l  sulxiutaneously  with  a  drop  of  the 
li(juefied  gelatine,  but  the  i-esult  was  negative.  The  injection  of  a 
considerable  quantity  proved  fatal  to  guinea-pigs  and  rabbits,  a 
result  which  was  probably  duo  to  ptomaine  poisoning. 

Th(»r(»  were  also  sov(Tal  bacilli  which  did  not  liquefy  gelatine ; 
these  were  not  investigate<l. 

Staj>hyloc(H'cus  cereus  albus  was  foun<l  very  frequently,  and 
Staphylococcus  pyogenes  aureus  occasionally.  Pure-cultivations  of 
the.se  micrococci  inoculated  on  the  skin  of  calves  produced  a  rapid 
local  irritation,  followed  by  vesiculation,  but  without  the  classical 
characters  of  the  vaccine  vesicle.  The  iiuK'ulateii  part  was  com- 
pletely healed  in  thrtn^  to  five  days.  According  to  Pfeiffer  they 
explain  the  so-called  fals(^  vaccine. 

MicnwiKrus  j>yogen(»s  albus  was  almost  con.stantly  pi^esent. 
Numerous  other  nucrococci  were  found,  l)ut  not  constantly  present : 
vaccine  lymph  being  a  spltMidid  medium  for  the  gi'owth  of  micrococci. 
Pfi'ifTer  pointxMl  out  that  the  effects  of  Staphylococcus  pyogenics  aui*eus. 
albus,  and  citn'us,  and  of  Streptm-occus  pyogenes  on  iiibbits  ha<l  an 
inqx)rtant  bt^aring  upon  the  practice  of  vaccination,  and  he  recom- 
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mended  that  calf  lymph  should  be  tested  before  use  upon  children 
by  inoculation  of  the  ear  of  a  rabbit.  If  after  two  days  no  erysipelas 
occurs  in  the  inoculated  rabbit,  the  absence  of  streptococci  may  be 
considered  as  almost  proved.  Two  or  three  rabbits  should  be  inocu- 
lated at  the  same  time. 

The  author's  researches  into  the  bacteriology  of  vaccine  lymph 
extended  over  some  years.  They  independently  confirmed  and 
extended  the  results  obtained  by  Pfeiffer.  Having  on  several 
occasions  examined  vaccine  lymph  and  vaccine  pus,  and  failed  to  find 
a  specific  bacterium,  the  author  proceeded  to  make  a  more  systematic 
examination  of  the  different  species  of  bacteria  in  samples  of  current 
vaccine  lymph.  Pure-cultivations  were  obtained  by  plate-cultivation, 
and  inoculation  of  the  surface  of  nutrient  agar,  obliquely  .solidified 
in  test  tubes.  Various  current  stocks  of  lymph  were  used  in  the 
investigation.  Among  the  specimens  of  calf  lymph,  No.  1  yielded  a 
torula,  Bacillus  pyocyaneus  and  Bacillus  subtilis;  No.  2,  a  bacterium,  a 
variety  of  proteus.  Staphylococcus  pyogenes  aureus,  and  yellow  bacte- 
rium ;  No.  3,  a  bacterium,  micrococcus,  yellow  bacterium,  and  torula ; 
No.  4,  yellow  micrococcus,  white  micrococcus,  white  torula,  yellow 
sarcina,  white  diplococcus.  Staphylococcus  cereus  albus,  and  a  mould 
fungus;  No.  5,  yellow  sarcina.  Staphylococcus  pyogenes  aureus,  yellow 
micrococcus,  white  bacillus.  Staphylococcus  pyogenes  albus,  large 
white  micrococcus,  yellow  bacterium,  and  a  white  micrococcus.  Among 
the  specimens  of  human  vaccine  lymph.  No.  1  contained  a  white 
micrococcus,  proteus,  and  Staphylococcus  pyogenes  aureus ;  No.  2,  a 
micrococcus,  a  tetracoccus,  a  white  liquefying  micrococcus,  and  a 
yellow  bacterium ;  No.  3,  white  micrococcus,  yellow  micrococcus. 
Staphylococcus  aureus  and  flavus,  a  bacterium,  a  white  micrococcus, 
a  bacillus  resembling  Bacillus  subtilis.  Staphylococcus  pyogenes  cereus 
and  a  brown  tetracoccus.  The  author  is  familiar  with  these  different 
species  of  bacteria,  and  not  one  of  them  is  peculiar  to  vaccine  lymph  ; 
there  was  no  bacterium  constantly  present  in  human  and  calf  vaccine, 
and  there  was  not  one  which  could  be  regarded  as  the  contagium. 
To  sum  up,  most  of  them  are  well  known  saprophytic  bacteiia,  and 
some  were  identical  with  bacteria  commonly  found  in  suppuration. 
Vaccine  lymph  is  a  most  suitable  cultivating  medium  for  micro- 
organisms, and  bacteria  invariably  got  access  to  the  contents  of  the 
vaccine  vesicle.  There  is  no  evidence  to  be  obtained  by  the  present 
methods  of  research  as  to  the  bacterial  nature  of  the  contagium  of 
vaccine  lymph.  Copeman  obtained  similar  rasults,  and  thus  con- 
firmed the  author's  conclusions. 

Klein  and  Copeman  have  also  observed  minute  bacilli  in  calf- 
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lymph  and  in  vaiiolous  lymph.  Numerous  attempts  to  cultivate  them 
in  nutrient  media  and  in  the  living  animal  failed  entirely,  and  the 
identity  of  the  bacilli  could  not  be  determined.  Pfeiffer,  Guamieri, 
Monti,  Euffer,  and  Plimmer  have  drawn  attention  to  structures  in 
lymph,  which  they  believe  to  be  of  the  nature  of  parasitic  protozoa. 
These  bodies  have  been  studied,  more  especially  in  the  tissues.  They 
are  four  times  the  size  of  ordinary  micrococci,  and  are  found  in  the 
clear  vacuole  in  the  protoplasm  of  epithelial  cells.  Whether  they 
are  really  parasites  or  altered  anatomical  elements  has  not  been 
determined.  No  other  conclusion  can  be  drawn  from  all  these 
observations,  except  that  the  nature  of  the  contagium  of  cow-pox 
is  unknown. 

Origin  of  Cow-pox. 

Jenner's  original  theor}'  was  that  cow-pox  was  derived  from 
"grease,"  but  subsetpiently  he  distinguished  between  cow-pox,  a 
disease  peculiar  to  the  cow,  and  "  grease,"  a  disease  transmitted  to 
the  cow  from  the  horse,  and  the  mistake  of  confounding  these  two 
diseases  was  attributed  to  farmers  and  farriers.     Thus  he  wrote : — 

*'  From  the  similarity  of  symptoms,  both  constitutional  and  local, 
between  the  cow-pox  and  the  disease  received  from  morbid  matter 
generated  by  a  horse,  the  common  people  in  this  neighbourhood 
when  infected  with  this  disease,  through  a  strange  perversion  of 
terms,  frequently  called  it  the  cow-jwx." 

Jenner's  theory  of  tiie  origin  of  cow-jkjx  has  been  discouraged ;  so 
also  has  the  view  of  its  being  a  **  s{)ontaneous "  disease  in  the  cow, 
thougii  Ceely,  after  many  years  of  research  in  the  Vale  of  Aylesbury, 
could  never  discover  the  probability  of  any  other  origin.  Both 
opinions  have  given  way  to  the  theory  that  cow-jwx  is  small-pox 
transmitted  to  the  cow — an  opinion  advocated  by  Baron,  and 
sui)j)orteil  by  an  eri'oneous  interpretation  of  Ceely *s  and  Badcock's 
variolation  exiK>riments.  Thus  the  cow-pox  and  yrease  of  farmers 
and  faiTiers  no  longer  attracted  attention  in  this  country,  and  as 
natural  cow-small -pox  has  never  been  discovered,  cow-pox  has  been 
ci-edited  with  being  extinct. 

For  a  full  discussion  of  this  subject  the  reader  is  i*eferred  to  the 
work  by  the  author  on  the  History  and  Pathology  of  VaccifuUion, 
but  the  variolation  exj^enments  alluded  to  will  be  briefly  mentioned. 

In  1801  Gassner  inoculated  eleven  cows  with  small-pox  lymph, 
and  succeeded  in  one  in  producing  phenomena  indistinguishable  from 
the  results  of  ordinary  vacxjination  with  cow-jk)x,  and  children  were 
inocnlateil  from  the  cow. 
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In  1828  Dr.  McMichael  reported  that  several  physicians  in 
Egypt  had  obtained  similar  results,  and  children  were  successfully 
**  vaccinated." 

In  1836  Dr.  Martin,  in  America,  inoculated  the  cow's  udder  with 
variolous  lymph,  and  by  inoculating  children  produced  an  epidemic 
of  small-pox  with  fatal  cases.  In  1839  Reiter  of  Munich,  after  fifty 
unsuccessful  attempts,  succeeded  in  producing  a  vesicle,  and  a  child 
inoculated  fi*om  the  vesicle  contracted  small-pox. 

In  1839  Dr.  Thiele,  after  a  number  of  unsuccessful  attempts  to 
inoculate  cows  with  variolous  virus,  succeeded  in  producing  a  vesicle 
with  the  physical  characters  of  the  vaccine  vesicle,  and  from  it  a 
stock  of  lymph  was  raised  from  which  over  three  thousand  persons 
were  inoculated.  Thiele's  method  was  to  inoculate  the  udder  with 
lymph,  and  to  select  for  the  purpose  young  cows  which  had  recently 
calved  and  had  delicate  skins.  In  England  Ceely  succeeded  by 
inoculating  the  vulva  of  a  heifer.  One  of  the  punctures  developed 
into  an  enormous  vesicle,  which  was  undoubtedly  variolous.  His 
assistant  punctured  his  hand  with  the  lancet  which  had  been  used 
to  open  the  vesicle,  and  febrile  symptoms  appeared,  followed  by  an 
eruption  on  the  face,  neck,  trunk,  and  limbs,  at  first  papular,  then 
vesicular,  and  finally  pustular.  The  lymph  was  used  in  children, 
and  **  vaccine "  vesicles  were  produced.  One  child  suffered  from 
vomiting  delirium,  and  extensive  roseola,  but  there  was  no  eruption 
in  any  other  case. 

In  1840  Badcock  of  Brighton  inoculated  a  cow  successfully,  and 
later  succeeded  in  variolating  thii*ty-seven  out  of  two  hundred  cows 
upon  which  he  experimented. 

In  1847  variolation  of  the  cow  was  successfully  performed  at 
Berlin,  but  the  vii-us  produced  variola,  and  one  of  the  children 
inoculated  died  of  confluent  small-pox. 

In  1864  Chauveau  inoculated  seventeen  animals  with  virulent 
small-pox  lymph.  Very  small  papules  resulted,  and  the  virus  from 
the  papules  produced  variola  in  a  child,  which  was  infectious  to  others. 
Klein  in  this  country  until  recently  was  uniformly  unsuccessful. 
Voigt,  Fischer,  King,  Eternod,  Itaccius,  Uime  and  Simpson,  have 
all  succeeded  in  inoculating  cows  and  producing  variola- vaccine. 

The  results  of  these  experiments  have  been  very  generally  misin- 
terpreted, and  claimed  by  some  as  conclusive  evidence  of  the  identity 
of  cow-pox  and  small-pox.  Instead  of  the  vesicle  being  regarded  as 
the  most  attenuated  form  of  variola,  the  experimenters  are  said  to 
have  succeeded  in  producing  cow-pox. 

It  is  quite  true  that  they  produced  phenomena  indistinguishable 
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from  the  phenomena  of  an  ordinary  vaccination,  but  that  does  not 
mean  that  they  produced  the  dii^ease  cow-pox.  The  vesicle  which 
followed  the  inoculation,  whether  papular  or  vesicular,  was  amaU-pox, 
Ceely,  Badcock,  Voigt,  and  others,  succeeded  in  ingrafting  the  cow 
with  Kmall-pox,  and  when  suitable  lymph  and  suitable  subjects  were 
employed,  the  virus  was  ho  attenuated  that  a  benign  vesicle  resulted. 
Similar  results  were  obtained  by  Sutton  and  Dimsdale,  and  identical 
results  by  Adams,  Guillou,  and  Thiele,  by  inoculating  the  human 
subject  with  variolous  lymph  without  first  ingrafting  the  disease  on 
the  cow. 

Vaccination  with  variola- vaccine  is  simply  a  modification  of  the 

Suttonian  system  of  small-pox  inoculation,  only  in  the  first  remove 

the  cow  is  substitute<l  for  the  human  subject.     All  those  who  were 

inoculated  with  Ceely*8,   Badcock's,   or    Simpson's   variola-vaccine, 

were  not  in  the  usual  meaning  of  the  word  vaccinated ;  they  were 

not  inoculated  with  cow-pox  but  they  were  variolated,  and  in  such 

an   extremely  attenuated  form  that  the  persons  so  variolated  do 

not  convey  the  infection.     By  judicious  selection  it  is  thus  possible 

to  obtain  a  strain  of  lymph  from  variola  which,  by  direct  inoculation 

of  the  human  subject  or  by  first  inoculating  a  cow,  is  deprived  of 

infectious  properties,  and  produces  on  the  arm  the  physical  characters 

of  an  onlinary  vaccine  vesicle.     Tliis  has  been  regarded  as  a  proof 

of  the  identity  of  Hmall-i)ox  and  cow-pox,  but  it  is  not  so.     Variola 

and  cow-pox  are  not  the  only  diseases  caused  by  a  virus  which  can 

be  attenuated  until  only  a  vasicle  is  produced  with  the  characters  of 

an  ordinary  vaccine  vesicle.     The  results  which  have  been  obtained 

with  tho  virus  of  cuttle  plague  and  of  sheep-pox  and  horse-pox  have 

been  given  in  previous  chapters  ;  and  no  one  would  urge  on  this 

account  that  Iniiiian  sniall-jK)x,  cattle  plague,  c()w-|)ox,  sheep-pox, 

and  h(>i*se-p()x  are  nil  manifestations  of  the  same  disease.     Cow-pox 

has  never  been  converted  into  human  small-j)ox,  and,  in  their  clinical 

history  and  epidemiology,  natural   cow-jx)x  and  human  small-pox 

are  so  difTereut,  that  the  comparative  pathologist  is  no  moi'e  pw- 

pare<l  to  admit  their  identity  than  he  is  prepared    to  admit  the 

identity  of  cow-pox  and  sheep-pox,  or  small-pox  and  cattle  plague. 

Protective  Inoculation.—  Wheth(?r  vaccination  of  all  heifers 
on  a  farm  would  proU»ct  them  from  cow-pox  when  they  came  into 
milk  is  not  known,  the  duration  of  the  immunity  in  calves  afforded 
by  vaccination  having  not  l)een  determined.  Calves  undoubteilly 
have  an  ininiunity  aft<»r  vaccination,  lasting  for  some  weeks. 

In  1890  Becl^re,  Chambon,  and  Menard  experimente<l  up<m 
the  immunising  power   of   the   serum  of  vaccinated  calves.     They 
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concluded  from  experiments  on  animals  and  childi'en  that  the  sernm 
of  a  vaccinated  calf  from  ten  to  fifty  days  after  vaccination  will  give 
immunity  against  inoculated  cow-pox.  They  further  stated  that, 
whereas  the  immunity  given  by  vaccination  in  the  ordinary  way 
is  not  complete  until  the  eighth  day,  the  immunity  obtained  by 
injection  of  the  immunising  serum  is  immediate.  The  serum  has 
also  been  credited  with  therapeutic  properties  and  has,  it  is  said, 
proved  efficacious  in  cases  of  small- pox. 

Jenner  believed  that  cow-pox  did  not  protect  against  itself  but 
protected  against  small-pox,  and  for  a  century  this  has  been  a  subject 
of  much  controversy.  The  reader  is  referred  to  the  Reports  and 
oonclusions  of  the  Royal  Vaccination  Commission. 

Stamping-oat  System. — It  would  undoubtedly  be  an  advan- 
tage if  cow-pox  were  scheduled  under  the  Contagious  Diseases  Animals 
Act.  Cow-keepers  and  dairy-men,  being  anxious  that  their  trade 
should  not  be  interfered  with,  very  commonly  conceal  the  existence 
of  the  disease,  and  perha^is  nothing  is  known  about  it,  unless  a  milker 
infected  from  the  cows  seeks  for  medical  advice.  The  contamination 
of  the  milk  with  lymph,  pus,  crusts,  and  sometimes  blood,  renders 
it  unwholesome,  and  therefore  precautions  ought  to  be  taken  to 
prevent  its  occurrence.  If  the  infected  cows  in  a  herd  are  the  last 
to  be  milked,  and  the  milker  washes  his  hands  after  the  milking,  the 
disease  will  not  spread. 
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DIPHTHERIA. 


Diphtheria  is  a  Hpeciiic  infectious  disease,  especially  of  children, 
characterLsed  most  commonly  by  inflammation,  and  infiltration  with 
lymph  cells  and  fibrine,  of  the  mucous  membrane  of  the  fauces, 
pharynx,  larynx  and  ti'achea,  followetl  by  necrosis  of  the  mucous 
membrane  and  the  formation  of  a  greyish -white  false  membrane, 
the  diphtheritic  membrane.  In  some  cases  a  diphtheritic  membrane 
forms  in  the  stomach,  intestine,  the  urinary  organs  and  in  wounds. 
After  the  separation  of  the  membrane  an  ulcer  remains,  which  may 
gradually  heal.  In  the  superficial  pai*t  of  the  diphtheritic  membrane 
there  are  miisses  of  bacteria  including  cocci,  streptococci,  and  bacilli. 
The  diphtheria  bacilli  are  not  found  in  the  blood  or  in  the 
internal  organs.  There  is  no  doubt  of  the  fact  that  diphtheria 
is  a  disease  whi(;h  can  be  communicated  from  one  person  to 
another ;  but  the  quastion  of  its  origin  is  still  a  vexed  one.  There 
is  a  close  association  with  insanitary  conditions  and  decaying 
animal  and  vegetable  refuse,  and  dampness.  Localities  with  damp 
houses,  defective  drainage,  and  a  cold  exix>sure,  are  favourable 
to  the  development  of  diphtheria ;  but  that  does  not  necessarily 
indicate  that  thase  conditions  can  originate  it.  On  the  other 
hand,  assuming  the  disease  to  be  due  to  a  living  contagium, 
these  insanitarv  conditions  would  afford  a  suitable  environment 
predisjKising  to  the  development,  and  facilitating  the  spread,  of  the 
disease.  Scarlet  fever  and  measles  predispose  to  diphtheria ;  and 
defective  sanitary  conditions,  causing  sore  throat,  may  indirectly 
act  as  a  pre<lLspasing  cause.  A  great  many  cases  have  been  quoted 
to  illustrate  the  iK)ssibility  of  the  conveyance  of  diphtheria  by  milk, 
and  the  tlieorv  which  In^st  harmonises  with  all  these  observations  is 
the  existence  of  a  specific  bacillus,  which  may  be  readily  transferred 
from  the  throat  of  the  dlsea^etl  to  the  healthy  ;  which  finds  also  in 
milk  a  suitable  soil  for  its  growth,  and  by  its  agency  may  be  trans- 
mittiMl  to  the  (consumer.     Such  a  bacillus  was  discovered  by  LofHer, 
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Ritd  may  be  enul 
obtained  from  the 
tliroutof  diphtheritic 
jwtieiitiH  in  the  fol 
lowing  manner : — 
CtiUun  OutJU. 
el  kkU  like  or 
■ry  kuittii  ^ 
needles,  iihuut  six 
inches  iu  length,  i  ro 
b«Ht«n  out  or  roiigl 
ftned  at  one  e»d,  an  1 
I  pledget  of  wool  is 
wiat«d  round  so  a 
a  fiirm  ii  swab 
These  Hwabs  are 
placed  in  cleati  ter-t 
.iibeei,  which  ni-e  then 
plugged  with  cotti 
wool.  The  t*st-tul>e 
maii  BWabfi  m-e  st<  r 
liseil  by  heiitiiig 
the  hot  nir  sterili(>e 
honmtiao'C 
The  so-call6.l  ciilti  r 
o  n  t  fi  t    coni*ist.s 

11  box  c 
taining  a  test-tulw  f 
Mood  sernm  and 
ewsh.  They  iiin  be 
nlwuy8kepti'(4idy  f  r 
ise,  aiul  after  i  e 
ihoiild  be  conveyed 
}y  bnnd  for  f1u^,he^ 
Tl 

1 1  i  Q  g  virulent 
dijdttheritic  mateioal 
liy  [loet  is  obvious. 
When  the  exiLoiina- 
tion  of  the  tnbe  has 
been  oompletetl,    the 
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cultui-e  uiitfit  and  its  contents  sbould  be  dimnfected  or  destroyed. 
To  inoculate  the  tubett  the  patieut,  if  it  is  posDible,  should  be  turned 
to  the  light,  the  mouth  well  opened,  the  tongue  depressed,  and  the 
Rwiib,  without  touching  the  teeth  or  the  tongue,  should  be  passed 
straight  to  the  tonHils  or  pharynx,  and  especially  to  the  membmaouH 
extidate.  The  nwab  IB  ca.refully  and  quickly  withdrawn,  and  at 
once  very  gently  rubbed  over  the  surface  of  the  blood  serum.  The 
culture  outfit  is  then  sent  to  the  laboratory  with  full  partlculan, 
and  the  tubw  are  plaL-ed  in  the  incubator  at  37°  C,  and  can  be 
exiimined  after  twelve  hount.     If  the  throat  has  been  disinfected 


bofoi-e  exawiniition,  thin  must  be  tuken  into  account,  oh  the  failure 
to  Hud  bacilli  would  not  then  neceii.sarily  indicate  a  wrong  diagnofflK. 
[ii  all  uiidoubteil  ciLses  of  dipbtheria,  growtlw  wilt  be  obtained  either 
in  the  form  tif  a  pure-culture  of  the  bacillus,  or  far  more  commonly 
then*  will  iilsolbe  ciJoiiies  of  vnriouM  bacteria,  especially  Streptocofcus 
pyogenes, 

Bacilltts  of  Diphtheria.— EwU,  straight  or  slightly  cur\-e<l, 
■3  to  8  /I  in  bi-eiiUth,  and  15  to  05  ft  in  length.  Tbey  occur 
ningly,  in  puirn,  si)Hietimes  in  chains,  and  sometimes  as  short 
loptothrix  forms.  In  some  cultures  very  irregular  forms  are 
iibKerved,  the  liiicilli  being  swollen  at  one  or  both  embi  or  thicker 
in  the  middle  portion,  or  the  bacillus  may  contain  oval  or  spherical 


DESCRIPTION    OF    PLATE    VIII. 
Bacillus  diphtherisB  and  Bacillus  tjrphosua* 

Fifr.  1. — Cover-glass  preparation  from  a  pure-coltiiration  of   Bacillus  diph- 

therlHi  on  blood  serum ;  obtained  from  the  throat  in  a  typical  case  of 

diphtheria.    Stained  with  gentian-violet     x  1200. 
Fig.  2. — Cover-glass  preparation  from  a  pure-cultivation  of  Bacillus  typhosus 

on  nutrient-agar ;  from  the  spleen  in  a  case  of  typhoid  fever.    8taioed 

with  gentian-violet,      x  1200. 
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Fig  1.  BACILLUS    DIPHTHERIA 


T!g2.BACILI,US     TYPHOSUS 


elements.     Tliey  iliffer  grHttly  in  Biae  luul  shiiiie,  often  in  the  « 

cultures,  ftriil  sti]l  ninre  in  iniltiires  obtained  fiiim  different  s 

SjK>re  fonuttioii  is  nnkiinwii.     In  mistainsJ  propnrBtioiiB  there  are 

highly  refriirtire  elements  which  cori'espond  witJi  the  deeply  stiiiued 

parts  of  the  linc.-iUu!«,     They  ^tiiin  reiiilily  with  the  ordinitry  aitiliue 

ilyes.     At  L-ei'tiiia  stiigps  of  their  growth  they  stiiin  irreguliirly,  the 

pmtoplnsm  of  the  roil   bcdng  broken  up   into  irreguLir  segmeuta, 

The  ItAcilliis  is  n<ni-mt)tile,  and  doeH  not  liqnefy  gelatine ;  it  grows 

At  20°  0.,  but  tuucli  mui'e  readily  at  higher  teni|ieratui'es.     C-olonies 

ill  gelatine  plate- ciUtivutionN  nro 

jello  wish -brown,     and      opaque, 

■niiliu-,  Hnd  fircnlnr,  but  with 

e  ur  lees  irregular  margin. 

Iln  plate-Gultivution.s  on  sigar 

1  glycerine  agur  tht^  anini? 

)tioii  applies. 

iOn    the    Hurfnce   of  gel.itiiiM 

)  nppeitranoes  depend  gieaily 

lethoti    of  inuciiliitiuii, 

I   growth  may    rx-cur   in    ihe 

I  whitish  filiJi,  bnt  if  a 

b-culture    has   been    prepared 

I  broth  the  gi-owth  i»  often, 

mpoHed  of  n    niiiulter   of   is<>- 

i  white  colonies  (Kig.  128,0). 

(Ou  IiImmI  serum,  after  twelve 

i  tbp  colonies  appear  in  thf 

1  of  little  elevated  gruyisli- 

p  or  (learUgrey  dots,  wliidi 

,  fonuiug  a  lilm  if    the 

a  in  moist.     Uu  the  6urfat.-e 

1  per  cent,  alkaline  glycerine 

^"1  thu  nppeiu'anceB  are  found 

wy,  and  this  niediiim  i.<i  not  so  suitable  for  the  cnltivutioti  of  the 

t.     In  slightly  alkaline  bivrth,  with  or  without  the  addition  of 

Ofnt.  grnppsngar,  the  culture  is  cloudy,  or  a  fine  granular 

it  occurs  along  the  sides  and  bottom  of  the  tube,  while  th( 

ill  remaioH  clear. 

lOn  potato  the  gi-owth  is  almost  invinible,  in  the  form  of  a  drj 
glaze.     Irregular  f<«ins  ui'e  very  nnniei-o 

itiou,    whilal  tho  rods   art-  thicker  thim  usuii!  (Welch 
;).     Ill  milk  tlie  organisms  grow  rt-adiiy. 
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Dried  diphtheritic  membrane  and  cidtures  dried  on  silk  threaib 
retain  their  vitality  for  several  monthn. 

A  broth -culture  in  forty-eight  hourH  may  be  used  for  inoculating 
guinea -pigH.  A  few  drops  will  cause  death  in  from  three  to  five 
days ;  there  is  hyporaemia  and  onlema  at  the  seat  of  inoculation,  the 
lymphatic  ghmds  are  enlarged,  there  is  fluid  in  the  peritoneal, 
pleural  and  pericardial  cavities,  and  the  lungs  are  congested.  The 
bacillus  is  found  at  the  seat  of  inoculation,  but  not,  as  a  rule,  in  the 
blood  or  internal  organs.  Inoculation  of  rabbits  produces  extensive 
local  oedema,  etilargement  of  the  lymphatic  glamls,  and  death  in 
from  four  days  to  three  weeks.  Roux  and  Yersin  pointed  out  that  in 
less  acute  ciises  there  was  paralysis  of  the  hind  limbe.  Mice  and 
rats  have  an  immunity.  Cultures  lose  their  virulence  with  age,  but 
the  filtrate  from  old  cultures  contains  more  toxic  substance  than 
that  from  fresh  cultures.  The  toxin  has  been  described  in  a 
previous  chapter  (p.  46). 

Old  cultures  steiilised  by  heating  for  an  hour  to  60"  0.  or 
70°  C.  will  render  guine^i-pigs  immune  in  two  weeks.  The  toxic 
substance  is  believed  to  be  destroyed  by  this  process,  while  according 
to  Frankel  the  immunity-giving  substance  which  is  also  present  in 
the  culture  is  not  affected. 

According  to  Behring's  researches,  the  blood  of  immune  animals 
contains  diphtheria  antitoxin,  consequently  the  blood  of  an  im- 
mune animal  is  capable  of  neutralising  the  toxic  properties  in  a 
filtered  culture,  not  only  in  tlie  living  animal  but  when  added  to  the 
culture  in  a  test-tulM\  These  rt»searches  led  to  the  employment  of 
the  serum  of  an  immune  animal  as  a  therajxnitic  agent  in  the  treat- 
ment of  diphth^'ria  in  man  (p.  58). 

Ba^terlologlatl  DiagtwHiH. — The  diphtlioritic  bacilli  are  not  only 
found  in  tli(^  throat  while  tlio  lesions  exist,  Init  tliey  are  found  after 
all  sign  of  i\\v  disease  hjts  disii p[)eared.  In  some  (^ases  they 
jxa-sist  for  n  few  days,  in  othei-s  for  three  or  four  weeks,  and 
in  rarer  cas<'s  they  have  lK>en  found  several  months  afttTwards. 
They  hav(»  also  lx»en  found  in  th(j  thi*oats  of  persoiLS  in  health, 
especially  of  those  who  have  been  in  contact  with  cases  of  diph- 
theria, such  as  healthy  children  in  infected  families  and  healthy 
nurses. 

The  bacilli  which  persist  in  the  throat  after  I'ecovery  may  be 
virulent  up  to  tlu»  time  of  their  disap[)ea ranee,  or  they  may  gradu- 
ally lK»c;onie  attcMuiattxl,  and  entirely  lose  their  pathogenic  properties. 
TIm^  valu(»  of  a  uiicroscopical  examination  as  an  aid  in  the  diagnosis 
of   <liphtheria    has   l)een    considerably  exaggerated,  and  unless  the 
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badlliis  when  isolated  is  tested  by  inoculation  the  test  may  prove 
to  be  entirely  fallacious. 

Loffler  and  Von  Hoffman  both  found  bacilli  in  healthy  throats, 
and  thus  created  doubt  as  to  the  importance  of  the  Loftier  Imcillus. 
Hoffman  found  this  bacillus  in  the  throats  of  twentv-six  out  of 
forty-five  individuals,  some  of  them  suffering  from  scarlet  fever, 
measles  or  some  other  non-diphtheritic  affections,  while  the  rest  were 
healthy.  The  bacilli  from  these  sources  showed  slight  differences 
in  morphological  and  cultural  characteristics,  and  Hoffman  was 
unable  to  decide  whether  these  bacilli  were  diphtheria  bacilli,  which 
had  become  harmless,  or  whether  they  were  accidental  epiphytes, 
belonging  to  a  closely  allied  but  different  species. 

Roux  and  Yersin  confirmed  these  observations.  In  a  hospital 
for  children  in  Paris  without  any  question  of  the  existence  of 
diphtheria  they  found  the  so-called  pseudo-diphtheria  bacilli  in 
fifteen  cases  out  of  forty-five.  In  a  school,  in  a  seaside  place 
entirely  free  from  diphtheria,  the  same  bacilli  were  found  in 
twenty-six  out  of  fifty-nine  children.  They  were  also  found  in 
children  with  simple  sore  throats,  and  in  five  out  of  seven  cases 
in  measles.  Roux  and  Yei*sin  concluded  that  these  bacilli  were 
not  distinct  from  the  Loffler  bacillus.  There  were  slight  variations, 
but  there  was  no  constant  difference  except  in  their  pathogenic; 
propei'ties.  The  appearance  of  the  colonies,  the  growth  in  broth, 
and  the  peculiar  morphological  elements  showed  characters  common 
to  both,  and  there  was,  in  fact,  less  difference  than  there  is 
between  attenuated  anthrax  and  virulent  anthrax  in  form  and  in 
cultures;  but  inoculations  of  the  bacillus  did  not  cause  death, 
though  in  some  cases  in  guinea-pigs  there  was  marked  oedema  at 
the  seat  of  inoculation.  On  the  other  hand,  Loffler's  bacilli 
possess  different  degrees  of  virulence,  some  cultures  producing  only 
temporary  oedema,  while  others  cause  death  in  twenty-four  hours. 

Virulent  diphtheria  bacilli  subjected  to  a  current  of  air  can 
in  two  weeks  be  deprived  of  their  virulence  partially,  and  in  four 
weeks  entirely.  Weakened  bacilli  can  be  raised  in  virulence  by  the 
simultaneous  injection  of  the  streptococcus  of  erysipelas,  but  bacilli 
deprived  of  their  virulence  and  bacilli  originally  non- virulent  cannot 
be  made  to  assume  virulent  properties.  Escherich  maintained 
that  they  could  be  distinguished  by  comparative  cultures ;  that  the 
pseudo-diphtheria  bacilli  made  broth  alkaline,  so  that  in  forty-eight 
hours  litmus  was  turned  red  by  Loffler's  bacilli  and  blue  by  the 
false  bacilli.  The  bacilli  themselves,  according  to  Hoffman,  are,  as 
a  mle,  shorter,  wider  and  more  uniform  in  size. 
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Parke  and  Beebe,  with  a  view  to  clearing  up  this  question,  made 
cultures  from  three  hundred  and  thirty  healthy  throats.  They 
found  bacilli  of  three  varieties :  bacilli  characteristic  in  growth 
producing  acid  retiction  in  broth,  but  having  no  virulence;  bacilli 
not  characteristic  in  growth  producing  an  alkaline  reaction  in  broth, 
not  virulent ;  and  Imcilli  producing  acid  reaction  in  broth  and 
virulent.  The  virulent  characteristic  diphtheria  bacilli  were  fount! 
in  eight  cases,  non- virulent  diphtheria  bacilli  in  twenty-four,  and 
non-\'indent  false  diphtheria  bacilli  in  twenty-seven.  They  con- 
cluded that  the  eight  cases  must  have  been  in  contact  with  diphtheria, 
although  the  throats  were  healthy.  With  regard  to  the  bacillus 
in  the  twenty-four  cases  they  regarded  it  as  the  true  diphtheria 
bacillus  which  had  lost  its  virulence,  and  the  bacillus  found  in  the 
twenty-seven  cases  showing  differences  in  size  and  manner  of  staining 
and  the  reaction  produced  in  broth  was  properly  designated  pseudo- 
diphtheria  bacillus. 

Diphtheritic  Diseases  in  Animals. 

There  are  diptheiitic  diseas(*s  of  the  lower  animals  which  are  in 
some  res(>ects  similar  to,  and,  some  observera  maintain,  identical 
with,  human  diphtheria. 

In  j)igeons  theiv  is  a  disease  accompanied  with  the  formation  of 
false  membranes  associated  with  a  bacillus  described  by  Tjoffler. 

Bacterium  of  Diphtheria  of  Pigeons  {Racillua  coluniharum, 
Loffler). — Short  rods  with  rounded  ends,  mostly  in  irregular  masses. 
In  plate-cultivations  on  nutrient  gelatine  they  formed  whitish  patches 
on  the  surface,  and  conipact,  ball-like  masses  when  embedded  in  the 
golntinc.  They  were  also  cultivated  on  blood  serum  and  potatoes. 
Subcutaneous  inoculation  of  a  pure-cuiltivation  produced  in  pigeon.-* 
local  intluniniatiou  and  necrosis  ;  inoculation  in  the  mucous  mem- 
brane of  the  mouth  gave  the  appearances  of  the  original  disease. 
Other  animals  wore  only  locally  nffectt»d,  except  mice,  in  which 
characteristic  sym[)t()ms  and  <leath  result(»d.  They  were  isolate 
from  th(?  diphtheritic  exudations  in  pigeons,  and  in  sections  were 
found  in  the  vessels  of  the  lungs  and  liver. 

A  similar  disease  is  known  to  attack  fowls,  and  there  are  also 
diseases  with  development  of  false  membranes  of  the  respiratory 
passages  in  hoi-ses,  cats  and  swine.  Outbi-eaks  of  these  diseases 
have  Inien  said  to  occur  in  times  of  prevalence  of  diphtheria  in 
man,  and  their  interconimunicability  has  been  suggested. 

Dr.  Turner  supiK>ses  that  diphtheria  in  man  originates  in  diseases 
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simulating  diphtheria  in  cats,  pigs,  and  horses;  and  Klein,  who- 
accepts  this  theory,  maintains  that  cats  suffer  from  genuine 
diphtheria,  and  that  after  death  the  lungs  are  found  full  of  grey, 
consolidated  lobular  patches,  and  the  kidneys  are  enlarged  and 
white. 

Human  diphtheritic  membrane  inoculated  subcutaneously  in  cats 
produces  a  painful  swelling  in  the  groin,  and  fever,  and  a  fatal 
termination  in  a  week.  The  subcutaneous  and  muscular  tissues  at 
the  seat  of  inoculation  are  haamorrhagic  and  oedematous.  The 
internal  organs  are  congested,  and  in  the  kidneys  the  medulla  is 
congested,  while  the  cortex  is  fatty. 

A  recent  culture  produces  illness  in  twenty-four  hours,  a  painful 
tumour  forms  at  the  seat  of  inoculation,  and,  death  ensues  in  from 
two  days  to  a  week.  Pneumonia  and  fatty  white  kidney  are  found 
after  death,  and  the  tissues  at  the  seat  of  inoculation  are  hemor- 
rhagic, and  in  parts  almost  gangrenous. 

Klein  found  that  diphtheritic  membrane  or  a  pure-culture  in- 
oculated into  the  cornea  after  removal  of  the  superficial  epithelium 
produced  ulceration,  and  in  two  cases  perforation  of  the  cornea,. 
and  purulent  panophthalmitis.  Bacilli  were  again  recovered  from 
the  ulcer  similar  in  cultural  characters,  but  conspicuously  shorter 
and  thinner. 

An  epidemic  occurred  amongst  cats  at  the  Brown  Institution. 
Five  out  of  fourteen  died.  The  symptoms  were,  running  from  the 
eyes,  sometimes  a  muco-purulent  discharge,  sneezing,  coughing,  and 
pulmonary  trouble,  resulting  in  emaciation  and  death  in  from  one 
to  three  weeks.  After  death  lobular  pneumonia  and  large  white 
kidney  were  found ;  and  in  one  case  a  diphtheritic  condition  of  the 
trachea,  preparations  of  which  showed  diphtheria  bacilli  in  crowds 
under  the  microscope. 

Klein  regarded  this  disease  as  an  epidemic  of  cat-diphtheria, 
and  believed  that  the  disease  was  possibly  induced  accidentally  by 
the  cats  drinking  milk,  which  was  infected  in  the  course  of  some 
other  experiments  with  diphtheria.  He  states  that  on  account 
of  the  very  definite  results  obtained  by  inoculating  diphtheritic 
membrane  and  cultures  of  the  bacillus,  subcutaneously  and  on 
the  oomea,  and  of  the  condition  of  the  lung  and  kidney  in  cats 
naturally  or  experimentally  infected,  the  disease  must  be  con- 
sidered as  equivalent  to  human  diphtheria,  and  the  cat  capable 
of  communicating  the  disease  to  other  cats,  and  also  to  human 
beings.  These  conclusions  have  not  yet  met  with  the  acceptance  cf 
veterinary  authorities.     The  results  of  the  experimental  inoculations. 
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are  certainly  by  no  means  conclusive.  It  does  not  follow  from  the^e 
experiments  that  the  disease  diphtheria  naturally  occurs  in  the 
•cat  or  that  under  ordinary  circumstances  cats  may  contract  the 
disease  from  the  human  subject ;  but  the  experiments  show  that, 
like  guinea-pigs  and  rabbits,  cats  are  susceptible  to  the  toxic  effects 
of  the  extremely  poisonous  principles  developed  during  the  growth 
of  Loffler's  bacillus. 


Milk  Diphtheria. 

It  has  been  shown  that  milk  infected  with  diphtheria  has  been 
the  cause  of  epidemics  among  the  consumers ;  there  have  also  been 
-epidemics  apparently  associated  with  the  milk  supply,  in  which  it 
has  not  been  possible  to  trace  the  source  from  which  the  milk  was 
infected.  A  difficulty  in  tracing  the  origin  in  no  way  excludes  the 
possibility  of  contamination  from  a  human  source.  In  the  light  of 
recent  researches  we  should  expect  that  it  would  be  easy  to  overlook 
the  source  of  the  virus,  if  it  be  true  that  diphtheria  may  exist  without 
any  symptoms  indicating  its  presence,  and  be  unrecognised  until  the 
throat  has  been  examined  for  diphtheria  bacilli.-  As  this  fact  was 
unknown  until  quite  recently,  the  absence  of  an  acknowledged 
case  of  diphtheria  was  taken  as  evidence  tliat  no  diphtheria  existed, 
and  consequently  that  the  milk  must  have  been  infected  by  a 
-diseased  condition  of  the  cow.  Mr.  Power,  whose  views  upon  milk 
scarlatina  have  already  been  referred  to,  endeavoured  to  trace  the 
origin  of  a  milk  epidemic  to  the  very  common  disease  of  *^  garget," 
or  mammary  abscess.  Tliis  idea  may  be  dismissed  without  further 
•consideration ;  but  the  theory  of  some  disease  existing  in  the  cow 
<'apable  of  producing  diphtheria  in  man  was  resumed  by  Dr. 
Cameron,  who  suggested  that  there  might  be  an  eruptive  disease  of 
the  teats  producing  diphtheria,  and  by  Mr.  Power,  who  supported  the 
theory  in  an  investigation  of  a  milk -diphtheria  outbreak  in  1886 
4it  Camberley.  Diphtheiia  in  this  case  existed  in  the  neighbourhood, 
but  as  the  source  of  human  infection  could  not  be  tiuced,  attention 
was  drawn  to  two  cows  in  the  herd  which  had  recently  calved,  and 
■especially  to  one  with  chapped  teats.  Following  this  hne  of  inquiry, 
Klein  investigated  the  behaviour  of  milch  cows  to  the  diphtheria 
bacillus.  Two  cows  were  injected  sulxjutaneously  under  the  skin  of 
the  shoulder  with  a  Pravaz*  syringe  filled  with  a  sub-culture  in  broth. 
There  was  a  rise  of  tem|)erature,  and  on  the  third  day  a  painful 
tumour,  which  enlarged  to  the  size  of  a  child's  head.  In  about  a 
fortnight  the  tumour  began  to  decrease,  and  ultimately  one  cow 
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died  and  the  other  was  killed.  Such  results  might  have  been 
anticipated  as  the  result  of  injecting  a  large  quantity  of  the  toxic 
products  of  the  bacillus,  but  certain  other  phenomena  were  observed 
to  which  importance  was  attached.  On  the  fourth  day,  on  one  of 
the  oowB  an  eruption  on  the  teat  was  first  noticed,  consisting  of 
email  vesicles  passing  into  pustules  and  crusted  ulcers.  Examina- 
tion of  the  contents  of  the  vesicle  revealed  the  bacillus.  With 
matter  from  the  vesicles  and  pustules  two  calves  were  inoculated, 
and  a  similar  vesiculation  produced  at  the  seat  of  inoculation. 
The  milk  of  the  cows  was  inoculated  on  nutrient  gelatine,  and 
produced  a  culture  of  Bacillus  diphtherise.  The  question  naturally 
arose  whether  this  eruption  had  any  connection  with  the  original 
experimental  inoculation.  No  other  cows  in  the  locality  from 
which  these  cows  were  obtained  had  a  similar  eruption,  and  it  was 
taken  for  granted  that  it  was  the  result  of  the  experimental  inocu- 
lation. By  accepting  the  possibility  of  this  eruption  being  identical 
with  the  chaps  on  the  teats  of  the  Camberley  cows,  the  theory  was 
l^radnally  built  up  that  cows  suffer  from  diphtheria,  which  manifests 
itself  in  the  form  of  an  eruptive  disease  of  the  teats,  and  that  the 
disease  is  conveyed  in  the  milk  to  the  consumers. 

In  the  original  experiment  the  bacilli  were  found  to  have 
multiplied  abundantly  in  the  tumour  at  the  seat  of  inoculation.  The 
eraption  might  have  been,  as  admitted  by  Klein,  a  symptom  of  the 
work  of  the  chemical  poison,  and  the  elimination  of  the  bacilli  by  the 
milk  is  also  possible  ;  but  that  there  is  in  cows  a  vesicular  disease  of 
the  teats  which  is  the  origin  of  human  diphtheria  is  not  accepted  by 
veterinarians,  and  there  is  not  sufficient  evidence  to  justify  the  con- 
clusion that  the  infecti\dty  of  the  milk  in  epidemics  of  milk  diphtheria 
has  been  proved  to  be  due  to  a  morbid  condition  of  the  cow. 


CHAPTER    XXIV. 

TYPHOID  FEVER. 

Typhoid  Fevek  is  a  specific  febrile  disease  peculiar  to  man,  with 
characteristic  pathological  lesions  in  the  intestine,  mecienteric 
glands,  and  spleen.  The  Peyer's  glands  pass  through  three  stages. 
They  become  swollen  from  infiltration  of  round  cells  in  lymph 
follicles,  due,  it  is  supposed,  to  the  presence  of  the  typhoid  fever 
bacillus.  The  enlargement  of  the  lymph  follicles  is  foUowed  by 
coagtUation  necrosia  until  the  entire  patch  becomes  necrosed,  and 
sloughs  away,  leaving  an  vlcer.  The  disintegration  of  the  patch 
may  extend  in  depth,  and  result  in  perforation  and  peritonitis,  or 
the  ulcer  may  heal,  and  a  pigmented  scar  take  the  place  of  the 
Payer's  patch.  The  lymphatic  glands  are  found  more  or  less 
enlarged,  and  may  be  easily  felt  in  the  groin,  axilla,  and  neck.  In 
some  cases  there  is  a  tendency  to  hemorrhage,  followed  by  infarctions 
in  the  spleen  and  lungs,  which  may  develop  into  pyemic  abscesses 
In  the  mesenteric  glands  similar  changes  take  place,  but  without 
ulceration.  Pneumonia  may  occur  as  a  pulmonary  (!omplication. 
The  bacteria  of  pneumonia  and  Streptococcus  pyogenes  may  be 
found  in  association  with  the  bacillus  of  typhoid  fever.  It  is 
now  generally  accepted  that  the  disease  is  conveyed  by  water  and 
food  which 'have  be(*ome  contaminated  with  the  virus  contained 
in  typhoid  evacuations.  This  has  been  practically  proved  by  the 
numl)er  of  cases  which  have  been  shown  to  have  been  intimately 
connected  with  contamination  of  drinking  water  from  wells  and 
other  stjurces,  by  sew(»rs,  cesspools  and  faulty  drains,  the  sewage 
presumably  having  been  infect<?d  with  typhoid  excreta  ;  but  whether 
sewage  independently  of  typhoid  contamination  can  originate 
typhoid  is  still  an  open  (question.  Accepting  the  former  thecnry 
as  a  working  hypothesis,  we  must  assume  that  a  typhoid  fever 
l>aeillus  exLsts  in  the  intestinal  evacuations,  and  that  it  must  he  able 
to  retain  its  vitality  under  very  \airying  conditions  until  it  gains 
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Typhoid  fever  cannot  be  coniniunioat«d  to  the  lower  animals. 
NiunerouB  experiments  have  been  made  by  feeding  and  by  injecting 
typhoid  stools,  but  vith  abeolutely  negative  reaults.  HnrchisoD 
gave  typhoid  fever  discbargOB  to  pigs,  Klein  experimented  with 
rabbita,  monkeys,  and  other  animals.  Idotschutkowsky  injected  the 
blood  from  cases  of  typhoid  into  monkeys,  rabbits,  and  other  animals, 
but  with  negative  results. 


Various  micro-organisms  huve  been  described  in  typhoid,  but  tha 

one  to  which  mont  importance  is  attached  is  a  bacillus  which  was 

firHt   dif'coverecl  by  Eberth,  but  cultivated  and  fully  described   by 

Gaffky.    Gaffky  cultivated  it  from  typhoid 

/ 'o^^*,v/fl  evacuations,   from    typhoid    alcers,    from 

ii'l''i'//J*  ^^^    mesenteric    glands,    and    from    th© 

■-;^,iXVJt?il  Mpleen.     It  is  found  in  scattered  colonies 

n  the  spleen,  and  in  rarely  if  ever  present 

n  the  l>li>od. 

Bacillufl  of  Typhotd  Fever.— Roda 
1  to  3/^inlength,aii(l'5  to '6/1  inbreadth.and  threads(PlateVIII., 
Fig.  2).  Spore- formation  has  not  been  observed,  but  the  protoplasm 
may  be  broken  up,  jii'oducing  Hppeiininoen  which  may  be  mistaken 
for  Hporee.  Thoy  are  actively  motile,  und  provided  some  with  a  tiingle 
and  others  with  very  numerouK  flagella,  which  are  from  three  to  fivft 
times  as  lung  as  the  bacilli.    They  Ktiiin  well  with  aqueous  solutiona 
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of  nnitiQe  dyes,  und  gi-ow  well  at  the  temperature  of  the  room.  la 
plate-rultivations  minute  colonies  are  vixible  in  thirty-six  to  forty- 
eight  houTS  ;  they  are  circular  or  oval,  with  au  irregular  margin  ;  they 
Hppear  gmnular  by  transmitted  light,  and  are  yellowish -brown  in 
colour.  Cultivated  io  the  depth  of  gelatine  n,  well-defined  shiny  film 
forme  at  the  point  of  puncture,  and  a  greyish -white  filament,  com- 
posed of  closely  packed  colonies,  develops  in  the  track  of  the  needle 
(Fig.  134).  On  the  surface  of  gelatine  a  greyish-white  traiLshicent 
film  formH,  with  sharply  defined  margin  (Plate  II.,  Fig.  2).  On  agar 
there  is  a  whitish  transparent  layer.  They  flourish  in  milk.  On 
potato  at  the  temperature  of  the  blood  there  in  no  culture  visible,  but 


Pfeiffkh). 


the  inoculated  area  appears  moist  and  shining,  nnd  cover-glass  pre- 
parations made  from  the  potato  will  demonstrate  that  there  is  really 
a  copious  growth  of  the  bacillus.  This  almost  in\'isible  growth  is  not 
peculiar  to  thiti  micro-organism. 

Whether  this  bacillus  is  really  peculiar  to  typhoid  is  much  dis- 
puted. Bacilli  very  closely  re.-iembhng  it,  if  not  actually  identical, 
have  been  found  under  other  condition!).  These  pseudo-typhoid  bacilli 
are  regarded  by  some  bacteriologists  as  varieties  resulting  from  the 
different  environment  afforded  by  a  saprophytic  eitisteuce.  Numer- 
ous experiments  have  been  made  on  animals  with  pure-cultures  of 
t^e  bacillus,  but  in  the  production  of  typhoid  fever  they  have 
been  no  more  eucceseful  than  the  experiments  with  typhoid  stoole. 
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FrKnkel  and  SimmoDdB  inoculnted  a  number  of  rabbits  in  the  vein  of 

the  ear,  prtMtndng  death,  in  some  cases  in  forty-eight  honro.     Beitz 

admiiiiittered  broth -cultiirea  hy  Koch's  method  of  introducing  them 

into  thestomach  after 

the  odministratuMi  of 


the  results  depended 
upon  the  poixonoua 
products  found  iu  the 


4:u)ti\-ationn,  a  similar  result  following  the 
injection  of  sterilised  ciilturefl.  An  account  of 
the  productd  has  already  l)ee(i  given  (p.  41). 

Cnssedebiit  iholnteil  three  species  ()f  bacilli 
from  wiiter,  which  could  lie  diBtingiiishHl 
with  great  difficnity,  inxl  only  after  the  most 
careful  coinjiiirisoii.  The  bucilhiH  which  lumt 
«IoBt'Iy  resemlih'M  it  is  the  Bacillus  eoli  cora- 
iiiuiiis ;  in  fact,  Roux  i-eganls  it  as  a  non- 
pa  thii^'cnic  variety  of  the  typhoid  tmcillnM. 
Others  clHim  to  be  nble  to  distinguiah  it  by 
ciin'fiil  conijiiirisim  nml  the  u|)pUciLbion  of 
tetitH.  Bpeciiil  imjiortjtnce  in  attached  to 
potato  cultortis,  the  typhoid  bacillus  forming 
an  invisible  film,  and  Biicillus  coli  communis 
a  well-markeil  yellowish  growth.  Terni 
pointiil  out  thiit  Bacillus  typhoRnit  retains  its 
motility  in  media  cotitiiining  hydrochloric 
acid,  while  Bacillus  coli  communis  and  other  bi 
<)f  typhoid  lost  their  motility.  tSchild  maintained 


iHcilli  resembling  those 
that  Bacillus  typhoeiia 
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was  deetrojed  hy  exp(»ure  to  tbt;  vapour  of  formalin,  while  Bacillus 
coli  communis  aud  similar  bacilli  isolated  from  water  gave  subcul- 
tures after  exposure  for  two  hours.  Typhoid  bacilli  do  not  give  the 
reaction  for  indol,  and  there  is  no  development  of  gas  in  cultures  in 
the  depth  of  nutrient  agar  containiag  2  per  cent,  of  grape-sugar. 
According  to  MilUer,  sterilised  milk  is  coagulated  in  twenty-four 
hours,  at  37°  C,  by  Bacillus  coli  communis,  but  not  by  the  Bacillus 
typhosus  nntil  several  weeks  have  elapsed  ;  and,  further,  cultures  on 
acid  potato  give  different  results.  The  typhoid  l)acillus  on  micro- 
Goopical  examination  shows  marked  polar  staining,  but  Bacillus 
coli  communis  only  shows  a  slight  tendency  of  the  protoplasm  to 
break  up. 


Fio.  135.— Typhoid  Bacilu  is  a  Skction  of  Splren,   x   800  (FLiieaK), 

Kitasato  suggested  the  negative  indol  test,  and  recommended 
Salkowski's  method.  Broth -cultivations  are  treated  with  a  solution  of 
sodium  or  potassium  nitrite  :  1  cc.  of  the  nitrite  solution  {02  gr.  to 
100  cc.  of  water)  is  added  to  10  cc.  of  a  broth-culture  after  twenty- 
.four  hours  in  the  incubator,  and  on  adding  a  few  drops  of  strong 
sulphuric  acid,  the  typhoid  cultures  remain  colourless,  but  cultures 
rf  bacilli  apparently  identical  give  the  red  colour.  On  the  other 
hand,  Loeener  maintains  that  be  has  cultivated  from  earth,  water 
and  healthy  human  evacuations  bacilli  which  could  not  be  distin- 
guished from  typhoid  bacilli  by  any  of  these  tests. 

The    detection   of    the    typhoid    bacillus    in    water    has    been 
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(leMribed  in  aaother  chnpter  (p.  147)  ;  but  sufficient  has  been  wid  to 
show  that  bacteriological  reports  in  which  it  is  stated  that  the  typhoid 
fever  bacUluB  has  been  iomid  in  water  caumog  typhoid  epidemics 
munt  bo  accepted  with  great  reserve  ;  and  further,  no  one  ia  juatified 
in  stating  that  the  typhoid  fever  bacillus  is  undoubtedly  the  cause 
of  typhoid  fever.  It  in  not  found  in  erery  case  of  typbcnd,  it  i» 
not  found  in  the  Iilood,  but  it  is  found  in  those  tixsuee  which  are 


tbe  i^cat   of  xecondary  invasion   of  epiphytic   bacteria, 
whose  normal  habitat  is  the  intestinal  cana). 

Lastly,  as  the  dinease  does  not  exist  iu  the  lower  animals,  the 
crucial  test  cannot  be  applied.  The  etiology  of  typhoid  fever  is 
still  envelo{>ed  in  doubt,  and  the  nnturo  of  the  contagiiim  has  not 
yet  bocn  determined. 


CHAPTER  XXV. 

SWINE   FEVER. 

Pio  Typhoid,  or  swine  fever,  is  a  highly  contagious  disease  peculiar 
to  swine,  causing  death  in  from  ten  to  thirty  days,  associated  with 
a  fibrinous  pneumonia,  enlargement  of,  and  haemorrhage  into,  the 
lymphatic  glands,  and  characteristic  ulcers  of  the  mucous  membrane 
of  the  stomach  and  intestines.  The  legions  may  assume  the  form  of 
extensive  croupous  or  diphtheritic  deposit,  which  may  fill  the  intes- 
tinal tube.  But  the  most  characteristic  appearance  results  when 
the  lower  part  of  the  ileum  and  commencement  of  the  colon  is 
dotted  all  over  with  elevations  of  the  mucous  membrane,  resembling 
leather  buttons  or  nux  vomica  seeds,  and  sometimes  with  concentric 
rings,  so  that  they  have  been  compared  to  slices  of  calumba  root. 

Swine  fever  is  difficult  to  detect  in  the  early  stage,  and  sometimes 
symptoms  are  absent  altogether  in  animals  suffering  from  the 
disease  and  quite  capable  of  transmitting  it ;  or  nothing  may  be 
noted  except  cough,  and  possibly  enlargement  of  the  inguinal  glands. 
In  typical  cases  the  animals  are  noticed  not  to  feed,  to  exhibit 
diilness,  and  to  have  occasional  rigors.  Partial  paralysis  may 
follow,  producing  unsteady  gait  or  loss  of  power  over  the  hind  legs. 
Diarrhoea  sets  in,  and  the  evacuations  become  blood  stained.  There 
is  occasionally  a  diffused  or  patchy  reddish  or  purplish  rash  on 
the  skin.  After  death  the  appearances  most  commonly  found  are 
inflammation  of  the  peritoneum,  and  I'edness  and  enlargement  of  the 
mesenteric  glands  and  the  lymphatic  glands  in  the  lungs.  There 
ia  generally  ulceration,  especially  of  the  colon  and  ileo-caecal  valve, 
or  a  diphtheritic  exudation,  sometimes  pale  yellow,  more  commonly 
greyish  or  black,  similar  to  the  centres  of  necrosis  within  the  ulcers. 
The  spleen  is  enlarged  and  liver  congested,  and  there  are  haemorrhages. 
in  the  kidneys.  As  the  lungs  are  so  commonly  affected,  Klein 
proposed  the  name  pneumo- enteritis ;  but  the  pulmonary  lesions. 
are  not  constant.     Indeed,  the  cases  in  which  the  intestines  and 
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long-standing  lenion  of  the  int«stine,     Old  pigs  may  linger  on  ; 
weeks,  nnd  ultimately  r«oorur,  und  in  the  tueaiitim<<  aot  a»  ceutree 
for  the  (liBHemiuutiou  uf  thu  diseBse. 


DESCRIPTION  OF  PLATES  IX.   AND  X. 

Swine  Fever. 

Plate  IX. — i^rt  of  intestine  from  a  typical  case  of  swine  fever,  showing 
scattered  ulcers  and  ulceration  of  the  iieo-ciecal  valve. 

i'LATH  X. — From  the  same  case  of  swine  fever.  The  lungs  were  extensively- 
inflamed  and  partly  consolidated^  and  the  lymphatic  glands  were  enlarged 
and  of  a  deep  red  or  reddish-purple  colour. 
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Budd  first  pointed  out  that  this  disease  might  be  compared 
to  human  typhoid,  both  diseases  being  attended  by  a  peculiar 
ulceration  of  the  intestinal  follicles;  but  the  diseases  are  not  to 
be  considereii  in  any  sense  identical  or  interchangeable. 

Bacteria  in  Swine  Fever. 
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l«H(i,  138.— Bacillus  ok  Swink-Fkvkk 
No.  1.    (Klein.) 


— In    1877    Klein    published  a 

research  in  a  Report  to  the  Local 

Gk)vemment    Board,    in    which 

he    claimed    to    have  discovered 

bacilli     characteristic      of      the 

disease.     They  were  described  as 

similar  to    Bacillus   subtilis,   or 

Bacillus   anthracis,   but  smaller 

in  size.     These  bacilli  developed 

into  long  leptothrix  filaments,  and  formed  spores.     It  was  further 

asserted  that  on  inoculation,  cultures  produced  lesions  indicative  of 

swine  fever ;  the  bacilli  were  also  pathogenic  in  mice  and  rabbits. 

Later  this  bacillus  was  re- 
nounced in  favour  of  another. 
In  the  following  year  Det- 
mers  described  a  bacillus,  but 
subsequently  renounced  it  in 
favour  of  a  micrococcus. 

In  1882  Pasteur  maintained 
that  the  virus  of  swine  fever  in 
France  (rouget)  was  a  dumb-bell 
micrococcus,  which  produced  the 
same  effect  in  pigeons  as  the 
microbe  of  fowl-cholera.    Though 

rouget  or  swine  measles  is  probably  a  different  disease,  the  occurrence 

of  this  micro-organism  is  of  interest  in  this  connection. 

In  1883  Klein  again  investigated  swine  fever,  and  discovered 

Bacillus  No.   2,  and  maintained 

that  these  bacilli  were  found  in  «'  ..- 

the  blood,  in  the  peritoneal  and 

bronchial  exudations ;  and  in  the 

air  vesicles  of  the  lungs,  in  the 

form  of  leptothrix  filaments  ten 

or  twenty  times  the  length   of 

single   rods.      Cultivations  were 

made  on  solid  media.     The  organisms  in  these  cultures  wen'  minute 

rods  actively  motile,  occurring  singly  or  forming  chains,  two  or  three 


Fig.  139.~Bacillu8  No.  2.  From  a 
Preparation  op  Bronchial  Mucus 
of  a  Pig.    (Klein.) 
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Fig.  140.— Bacillus  No.  2.    From  an 
Artificial  Culture.    (Klein.) 
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times  as  long  as  Bacterium  termo ;  and  in  preparations  made  from 
diseased  organs  they  were  found  to  possess  a  very  narrow  trans- 
parent halo,  a  sort  of  hyaline  gelatinous  capsule.  Inoculation  of 
cultui*e8  failed  to  produce  the  lesions  found  in  animals  naturally 
infected.  Two  pigs  were  inoculated,  one  with  a  sub-culture  from  the 
swollen  bronchial  gland  of  a  pig  that  had  died  of  pig-typhoid,  and 
a  second  with  a  culture  obtained  from  the  spleen  of  a  mouse  that 
had  been  inoculated  from  another  case  of  swine  fever.  After  two 
days  the  inguinal  glands  near  the  seat  of  inoculation  becfkme  swollen, 
and  the  temperature  rose  sUghtly.  After  three  or  four  weeks  the 
animals  recovered. 

Mice  on  the  fifth  or  sixth  day  after  inoculation  showed  symptoms 

of  illness,  then  respiration  became 
superficial  and  slow.  Death 
occurred  on  the  sixth  or  seventh 
day. 

Babbits  showed  a  rise  of 
temperature,  and  death  followed 
between  the  fifth  and  eighth  days, 
the  temperature  falling  before 
death.  At  the  post-mortem  ex- 
amination there  was  usually 
peritonitis,  with  copious  exuda- 
tion. The  kidney,  ^leen,  and 
liver  were  enlarged  and  dark  in 
many  cases,  there  was  red  hepa- 
tisation  of  the  lobes  of  the  lungs, 
and  generally  peiicarditis  and  hjemorrhage  under  the  pericardium. 

In  1885  Salmon,  in  the  annual  report  of  the  United  States 
Bureau  of  Animal  Industry,  published  the  result  of  his  investigations 
into  American  hog  cholera,  which  is  identical  with  English  pig  typhoid. 
A  motile  figuro-of-oight  bacterium  was  isolated,  each  part  being 
about  twice  as  long  as  broad.  The  bacterium  grew  on  nutrient 
gelatine  without  liquefying  it,  and  on  potato  produced  a  brownish 
growth  ;  broth  tubes  became  turbid  on  the  following  day.  Colonies 
in  plate-cultivations  were  ovnl  or  circular,  and  brownish  in  colour. 
Six  pigs  inoculated  subcutanoously  were  all  said  to  have  died  of  hog 
cholera,  and  the  bacterium  was  again  obtained  from  the  blood  of 
the  heart  and  spleen.  The  bacteria  pn)ved  fatal  to  mice,  rabbits, 
guinea-pigs,  and  pigeons. 

In  1893  Welch  and  Clement  described  the  hog-cholera  bacillus 
as  variable  in  form,  and  th(^v  further  stated  that  a  culture  obtained 
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FiQ.   141.— Blood  ok  Fkesh  Spleen  of 

A  MOUHK,    AKTER    InO<'UI*\TION    WITH 

Bacillus  No.  2.    (Klein.) 
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from  E[lein,  while  not  possessing  the  characters  originally  ascribed 
to  it,  ooiild  not  in  its  form,  biological  characters,  or  pathogenic  pro- 
perties, be  distinguished  from  the  Amencan  hog-cholera  badllus. 

In  1887  pig  typhoid  was  investigated  at  Marseilles  by  Bietsch, 
Jobert,  and  Martinaud,  and  a  bacillus  found.  This  grew  rapidly 
on  all  the  nutrient  media.  In  gelatine  a  growth  was  obtained  in 
twenty-four  hours  at  18°  C. ;  on  blood  serum  and  agar  an  opaque 
growth  developed;  and  on  potato  the  growth  was  yellowish.  It 
was  asserted  that  a  young  pig  was  killed  by  a  culture  in  twenty- 
two  dajSf  and  that  the  characteristic  ulcei*ations  were  observed  in 
the  intestines. 

In  1887  pig  typhoid  was  prevalent  in  Sweden,  and  Bang  and 
Selander  experimented  with  cultures  from  a  rabbit  that  died  after 
inoculation  with  a  fragment  of  spleen  from  a  diseased  pig.  The 
bacilli  were  motile,  varying  from  rods  to  cocci,  without  spore- formation 
and  pathogenic  in  mice,  guinea-pigs,  and  rabbits,  but  not  in  pigeons. 
Pigs  fed  on  broth-cultures  were  said  to  have  succumbed  to  genuine 
pig  typhoid.  In  the  blood  they  were  generally  found  in  the  form 
of  short  oval  bacteria,  but  in  the  blood  of  the  heart  longer  rods 
were  sometimes  found.  Metchnikoff  described  a  bacillus  isolated  by 
Chantemesse  from  an  outbreak  in  France,  as  highly  polymorphic. 

Smith  identified  the  hog-cholera  bacillus  with  the  bacillus  found 
by  Schiitz,  and  this  in  turn  has  been  identified  with  the  bacillus 
xxf  bsemorrhagic  septicsemia. 

From  these  researches  it  would  appear  to  be  probable  that  one  of 
the  bacteria  isolated  by  Eiein,  and  those  found  by  Salmon,  Smith, 
Bang,  Welch  and  Schiitz  are  identical ;  and  further,  that  they  have 
been  identified  with  the  bacillus  of  bsemorrhagic  septicaemia.  We 
may  sum  up  the  characters  thus : — 

Baoilliu  of  Klein,  Salmon,  Smith  and  SchUtz.— Very  small 
rods,  actively  motile  ;  spore-formation  not  observed  ;  colonies  circular 
and  brown  by  transmitted  light.  Inoculated  in  the  depth  of  gelatine 
faintly  yellowish- white  colonies  develop  along  the  track  of  the  needle  ; 
on  the  surface  an  opalescent  film  ;  on  potato  they  produce  a  straw- 
ooloured  layer,  changing  to  brown.  There  is  absence  of  iudol  in 
cultures  containing  peptone;  the  bacilU  are  fatal  to  mice,  guinea- 
pigs,  rabbits,  and  pigeons.  Swiue  die  after  intravenous  injection, 
but  not,  as  a  rule,  after  subcutaneous  injection. 

According  to  Ganeva,  the  bacillus  obtained  from  the  Marseilles 
epidemic  would  appear  to  be  closely  alUed,  if  not  identical,  with 
the  bacillus  of  ferret  disease  (Eberth  and  Schimmelbusch),  and  the 
bacillus  of  Texas  fever  (Billings). 
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Billings  appearH  to  have  isolated  two  bacilli,  one  identical  with 
the  Marseilles  bicilluSy  and  the  other  with  the  hog-cholera  bacillus. 

BaciUoB  of  Rietscli  and  Jobert — Rods  about  twice  as 
long  as  broad,  rather  shorter  than  the  bacillus  of  typhoid  fever, 
longer  and  thicker  than  the  American  bacillus.  They  ezhilnt 
end-staining.     They  possess  flagella,  and  are  actively  motile. 

They  grow  rapidly  in  nutrient  media.  They  are  only  feebly 
pathogenic.  They  ai*e  also  said  to  be  distinguished  from  the  bacilli 
of  hog-cholera  by  producing  indol  in  solutions  containing  peptone, 
and  by  causing  an  acid  reaction  in  milk. 

Bacillus  of  M'Fadyean. — MTadyean  investigated  swine  fever 
in  1895,  and  found  bacilli  which  he  differentiated  from  hog-cholera 
bacilli.  The  method  employed  was  to  inoculate  the  surface  of 
nutrient  agar  and  of  potato,  with  fragments  torn  out  of  the  centre 
of  a  lymphatic  gland,  with  specially  constructed  forceps.  Inocula- 
tions were  also  made  from  the  spleen  pulp,  and  blood,  in  the  usual 
way.  They  are  from  1  to  2  /i  in  length,  and  *6  /t  in  breadth. 
They  never  grow  into  filaments,  they  do  not  form  spores,  and 
they  are  actively  motile.  They  are  readily  stained  by  the  watery 
solutions  of  the  aniline  dyes,  and  are  decolorised  by  Gram'a 
method ;  with  methylene-blue  they  show  end-staining.  The  bacilli 
grow  on  gelatine  without  liquefaction,  forming  a  thin  white  line 
along  the  needle  track.  On  agar  a  thin,  transparent  pellicle  forms, 
which  is  not  easily  visible  at  first,  but  gradually  acquires  a  faint 
greyish  tint.  More  chamcteristic  appearances  result  in  plate- 
cultivations  of  gelatine-agar,  at  37°  C.  The  colonies  are  distinctly 
visible  in  eighteen  hours,  appearing  when  viewed  by  transmitted 
light  as  bluish -white,  circular  s|)ecks  ;  each  colony  has  a  dark  centre 
and  a  granular  margin.  In  broth  the  bacilli  produce  turbidity  after 
twenty -four  hours.  On  potato  there  is  no  visible  growth,  even  when 
the  sulfa  CO  is  in(x;ulated  with  an  abundance  of  material.  On  solid 
bh)0(l  serum  the  growth  is  scanty.  They  grow  in  milk  without 
pnxlucing  coagulation.  They  are  harmless  to  guinea-pigs  and  feebly 
pathog(?nie  to  rabbits. 

Several  experiments  were  carried  out  upon  swine.  In  the  first 
seiies  the  most  rigid  jirecautions  were  taken  to  prevent  accidental 
infection  with  swine  fever.  Four  young  pigs  were  inoculated,  upon 
a  farm  where  there  was  no  previous  history  of  the  disease.  Thene 
pigs  wert*  killed,  and  the  jxwt- mortem  examinations  were  said  to 
show  indications  of  swine  fever,  principally  patches  of  diphtheritic 
material  in  the  colon,  and  healing  ulcers.  The  next  series  of  pigs 
was  inoculated  at   the   Royal  Veterinary  College.     Cultures  were 
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administered  with  milk  to  two  pigs.  Five  days  afterwards  one  pig 
died ;  and  the  mesenteric  glands  were  congasted,  and  the  mucous 
membrane  showed  spots  of  necrosis.  The  other  pig  was  killed,  and 
there  were  ulcers  in  the  colon.  In  a  third  experiment,  eight  pigs 
were  fed  with  milk  and  broth  cultures.  These  pigs  were  all  killed 
at  different  dates,  and  most  of  them  had  ulceration  of  the  colon  ; 
in  control  experiments  the  intestine  wiis  normal. 

M'Fadyean  compared  his  bacillus  with  a  culture  of  the  hog- 
cholera  bacillus,  and  found  that  the  American  organism  grows  at  a 
lower  temperature  in  gelatine,  and  colonies  appear  in  plates  much 
earlier.  They  produce  a  less  transparent  and  thicker  growth,  and 
much  greater  turbidity  in  broth  and  a  more  abundant  sediment. 
On  potato  they  form  an  abundant  growth  at  37°  C,  at  first 
yellow,  later  brown,  with  considerable  resemblance  to  a  glanders 
culture. 

Colonies  upon  gelatine-agar  are  distinguished  by  their  opacity 
and  sharp  outline.  Agar,  potato,  and  broth  cultures  of  the  American 
oi^nism  consist  of  short  ovoid  forms  like  the  bacilli  of  fowl  cholera, 
while  the  bacillus  isolated  by  M'Fadyean  has  a  closer  resemblance 
to  the  bacillus  of  glanders.  M'Fadyean  asserts  that  the  American 
organism  is  not  pathogenic  to  the  pig.  Pigs  after  feeding  on  broth 
cultures  remained  healthy,  and  showed  no  trace  of  swine  fever  when 
killed  from  one  to  three  weeks  afterwards.  On  the  other  hand, 
broth  cultures  of  his  bacillus  produced  the  characteristic  ulceration 
of  the  bowel.  M'Fadyean  claims,  therefore,  to  have  discovered  the 
true  pathogenic  organism  of  swine  fever,  lie  does  not  appear  to 
have  compared  this  bacillus  with  that  obtained  from  the  epidemic 
of  swine  fever  at  Marseilles.  From  the  description  of  the  mor- 
phological and  other  details  thei'^  seems  to  be  a  close  resemblance 
between  the  two. 

Not  less  than  three  and  possibly  four  species  of  bacilli  have  been 
cultivated  from  swine  fever,  two  at  different  times  by  Klein,  one 
by  Reitsch  Jobert  and  Martinaud,  and  one  by  M*Fadyean  ;  and 
cultures  of  all  these  bacilli  have  been  credite<l  with  producing  swine 
fever  in  experimental  animals,  and  each  one  has  been  pronounced 
to  be  the  contagium  of  the  disease.  We  must  conclude  either  that 
contaminated  cultures  were  inoculated  in  some  cases,  or,  what  is 
far  more  probable,  the  swine  fevei*  which  resulted  in  experimental 
animals  was  due  to  accidental  infection;  and  until  a  bacillus  has 
been  cultivated  from  swine  fever  from  which  another  investigator 
can  prepare  sub-cultures,  and  with  those  sub-cultures  j)roduce  the 
typical  ulcerations  of  swine  fever  in  pigs  on  a  farm,  or  on  premises 
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in  which  swine  fever  is  unknown,  we  are  justified  in  concluding  that 
the  contagium  has  not  yet  been  discovered. 

The  mistakes  which  are  likely  to  occur  when  the  same  investi- 
gator isolates  bacilli  from  cases  of  swine  fever,  and  subsequently 
inoculates  or  feeds  healthy  swine,  cannot  be  better  illustrated  than 
by  quoting  from  a  leaflet  issued  by  the  Board  of  Agriculture, 
pointing  out  the  great  precautions  necessary  to  prevent  accidental 
infection. 

''There  seems  reason  to  believe  that  the  disease  is  not  infre- 
quently introduced  by  means  of  persons  who  have  been  in  contact 
with  diseased  animals.  Pig  ownera,  therefore,  are  advised  to  prevent 
strangers  from  at  any  time  approaching  their  pigs,  and  should  the 
admission  to  the  premises  of  spayers  or  castrators  be  necessary, 
those  persons  should  be  required,  before  approaching  the  animals,  to 
thoit)ughly  wash  their  hands  with  soap  and  water,  and  to  wash  and 
ilisinfect  their  boots  with  a  solution  of  carbolic  acid  and  water,  or 
some  other  suitable  disinfectant.  Such  persons  might  also  with 
advantage  be  recjuired  to  wear,  while  operating,  a  waterproof  apron, 
which  should  l)e  washed  and  disinfected  before  the  wearer  is  [)er- 
mitted  to  approach  the  animals  to  be  operated  on." 

Protective  Inoculation. — The  experiments  of  Salmon  and  of 
Schweinitz  have  been  referred  to  in  another  chapter  (pp.  41,  46). 
A  method  of  protective  inoculation  was  attempted  in  America,  bnt 
the  experiments  were  unsuccessful,  and  the  plan  was  abandoned. 

Stamping-out  System. — Notification  is  compulsory,  and  the 
order  in  force  is  the  Swine  Fever  Order  of  1896,  but  the  stamping- 
out  system  has  not  been  applie<l  in  a  thoroughly  siitisfactory  manner, 
;»nd  tlie  disease  is  still  very  prevalent. 


CHAPTEK    XXVI. 

SWINE    MEASLES. — DISTEMPER    IN    DOCtS. — EPIDEMIC    DISEASE    OF 

FERRETS. — EHDEMIC   DISEASE  OF  MICE. 

Swine  Measles. 

SwiNX  Measles,  or  swine  erysipelas,  is  described  as  an  acute,  in- 
fectious disease  of  swine  which  is  very  prevalent  in  France  and 
Germany,  but  is  includeil  in  this  country  in  the  term  "  swine  fever." 
According  to  some,  it  is  a  distinct  disease,  and  distinguished  from  pig- 
typhoid  by  absence  of  the  idceration  of  the  intestines  which  is  so 
characteristic  of  that  disease ;  while,  according  to  others,  ulceration 
of  the  intestine  and  ileo-coecal  valve  may  be  found  post-mortem.  The 
onset  of  the  symptoms,  as  in  pig  typhoid,  is  very  rapid  ;  the  animals 
cease  to  feed,  and  show  other  general  signs  of  illness ;  the  voice  is 
hoarse,  and  there  is  a  rapid  rise  of  temperature.  On  the  neck, 
chest,  and  abdomen,  red  patches  make  their  appearance,  which 
extend  and  coalesce,  and  change  to  a  dark  reddish  or  brownish  colour. 
These  symptoms  may  be  followed  by  convulsions,  arul  sometimes  by 
paralysis  of  the  hind  legs;  and  death  occurs  in  from  one  to  four 
days.  It  is  especially  a  disease  of  young  pigs,  and  from  50  to  60 
per  cent,  of  infected  animals  die. 

On  post-mortem  examination  there  is  haemorrhage  and  a^dema 
in  the  patches  of  the  skin,  the  lymphatic  glands  are  swollen  and 
dark  red,  the  peritoneum  Ls  ecchymosed,  the  intestinal  mucous 
membrane  is  congested  and  swollen,  and  the  solitary  follicles  and 
Peyer's  patches  are  prominent,  and  in  the  ueighbourhood  of  the  ileo- 
coecal  valve  there  are,  according  to  Fliigge,  ulcers  of  considerable  size. 
The  liver  and  spleen  are  congested  and  enlarged.  Pasteur  investi- 
gated swine  measles  or  rouget,  and  described  a  ligure-of -eight  uiici-o- 
coocas,  which  he  believed  to  be  the  contagium  of  this  disea.^e.  TLis 
organism  appears  to  be  identical  with  the  r)acteriuni  of  ha»morrbagie 
septicfpmia,  which  is  also  commonly  found  in  pig-typhoid. 

In   experimenting    with    the   virus   obtained   from    the    spleen 
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Pasteur  found  that,  by  successive  inoculation  of  rabbits,  the  virulence 
was  exalted  for  rabbits,  but  attenuated  for  swine,  and  the  vims 
which  had  thus  been  passed  thi'ough  the  rabbit  was  used  as  a 
vaccine  for  swine,  to  protect  them  against  virulent  erysipelas. 

Pasteur  found  that  by  passing  the  virus  through  pigeons  it  was 
made  more  virulent  for  swine. 

In  the  blood,  and  the  juice  of  the  internal  organs,  and  of  the 
lymph  glands,  Schiitz  found  a  minute  bacillus  identical  with  the 
bacillus  of  mouse  septictemia. 

Bacillus  of  Swine  Erysipelas  (SchUtz).— Extremely  minute 
rods  '6  to  1*8  /I  in  length,  morphologically  and  in  cultural  charac- 
ters identical  with  the  bacillus  of  mouse  septiciemia.  Filaments 
and  involution  forms.     Spore-formation  present. 

House  mice  if  inoculated  with  a  pure  culture  die  in  two  to  four 
days.     Pigeons  are  also  ver}'  susceptible.      Fowls  and  guinea-pigs 


Fig.    142.— Bacilli    ok   8wink      Fiu.  143.— Blooi*     ok    Pighon     inoculatbd 
Eryhipklas  (Baumoartfin).  with  Bacilli  ok  Swink  Eryhiprlah,  x   600 

(SchUtz). 

ar(^  immune.  Rabbits  aft-er  inoculation  of  the  ear  suffer  from 
erysipelatous  intianiiuation,  identical  with  that  i)roduced  by  inocu- 
lation of  the  bacillus  of  mouse  septicsemia.  The  bacilli  are  also 
pathogenic  in  swine  and  sheep. 

Protective  Inoculation. — With  Pasteur's  vaccine  immunity  is 
said  to  be  produced  which  lasts  about  a  y(»ar.  Sohiitz  and  Schottelius 
found  the  niinut(^  bacilli  in  Pasteur's  vaccine,  which  they  had  already 
found  ill  cjises  of  swine  erysipelas  in  Germany. 

The  results  of  vaccination  in  Franco  are  said  to  be  very  satiB- 
factory,  but  in  test  experiments  in  Grermany  they  were  not  so 
favourable.  Out  of  119  vaccinated  swine  5  j)er  cent,  died  as  the 
r(»sult  of  the  inoculation,  while  the  average  loss  in  the  ordinary  way 
is  2  per  ceiii. 

MetchiiikofT  found  that  th(*  blo(xl  of  immunised  rabbits  was 
antitoxic,  and  Lorenz   maintains  that   the  serum  of  swine  which 
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have  recovered  from  xwine  erysipelaa  ih  also  antitoxic,  and  will 
produce  immunity  in  other  animnls.  The  treatment  introduced 
by  Lorenz  is  to  inject  serum  in  the  propoi-tion  of  1  cc.  to  every 
10  kilogrammee  of  the  weight  of  the  animal's  body.  Two  dayK 
afterwards  -5  to  1  cc.  of  rimlent  culture  is  injected,  and  after 
twelve  days  the  dose  is  doubled.  Loren/,  inoculated  294  pigs; 
12  were  suffering  from  swine  eiytdpelaii,  and 
of  these  6  recovered  and  6  died. 

In  the  opinion  of  the  author  tbiB  lUseaKe 
requires  re-inveetigation,  for  if  it  be  ti-uethat 
rougU  or  s<Aw«inrvtUauf  is  atteociated  with 
ulceration  of  the  intestines,  the  recognition 
of  it  as  a  disease  distinct  from  our  English 
swine  fever  apparently  rests  upon  the  pres- 
ence of  a  bacillus,  which  cannot  be  distin- 
guished from  the  bacillus  of  mouse  tiepticicmia. 
The  qnetition  arises  whether  tliis  bacillus 
is  really  the  canee  of  a  distinct  disease,  swine 
erysipelas,  or,  on  the  other  hand,  whether 
the  bacillus  is  really  the  bacillus  of  mouse 
septtcttmia  which  has  been  isolated  from 
certain  casea  of  swine  fever.  The  bacilluii  of 
mouse  septictemia  is  widely  distributed,  and 
it  may  only  be  au  accidental  concomibiut  in 
rouf/et  or  grhwtinrolhlawf.  The  presence  iif 
the  bacterium  of  hemorrhagic  septiceemia  in 
both  ronget  and  pig  typhoid  would  not  prove 
identity,  as  this  micro-organism  is  un- 
doubtedly only  secondary  in  both  diseascii. 
There  is  great  need,  therefore,  for  further 
careful  inveHtigation.      Clinical  and  piitho- 

lotfical  observations  must  be  ma^le  in  this  ^'"tf  '"'•*'^ ••'"■'■' 
^  DJ  Swiss  EKVMn'KL.ia 

country,    to    detcrmme   whether    there  are         {Bauhu.ihtbs). 
reaUy  two  diseases  includt^  under  the  name 

"  swine  fever."  If  this  prove  to  he  the  case,  we  muxt  tmcertikin  the 
clinical  and  pathol<^cal  differences  between  rouget  and  pig  tyjilioitl. 
How  can  rouget  be  distinguished  from  cases  of  awine  f«>ver  in  wliich 
there  i«  a  patchy  raah,  paralysis  of  hind  legs,  but  no  ulceration  of  the 
intestine  ?  Further,  how  is  swine  erysipelas  with  ulceration  of  thti 
intestine  and  ileo-ccecal  valve  to  be  distinguished  from  an  ordinary 
trnma  cf  |ug  typhoid  ! 
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Distemper  in  Dogs. 


Distemper  is  an  infectious  febrile  disease  of  dogs,  characterised  by 
bronchial  catarrh  and  discharge  from  the  eyes.  Bronchitis  and 
pneumonia  may  supervene,  or  there  may  be  intestinal  catarrh  ter- 
minating in  dysenteric  diarrhcea,  sometimes  complicated  by  jaundice. 
The  disease  may  affect  the  nervous  system,  and  produce  convulsive 
contractions  of  the  muscles  of  the  nose,  ears,  lips,  and  limbs. 
Occasionally  there  is  an  eruption,  especially  in  animals  which  are 
out  of  condition.  The  virus  exists  in  the  discharge  from  the  nostrils 
and  eyes,  and  is  given  off  from  the  lungs  and  the  skin. 

One  attack  of  the  disease  does  not  confer  entire  immunity  ; 
and  some  dogs  are  completely  insusceptible. 

Bacteria  in  Distemper. — Millais  has  isolated  a  micro-organism 
resembling  the  pneumococcus  of  Friedlander,  which  he  behaves  to  be 
the  cause  of  the  disease.  The  bacillus  occurs  with  other  bacteria  and 
micrococci  in  the  nasal  discharge. 

Protective  Inoculation. — Mixed  cultures  of  these  bacteria 
liquefy  the  gelatine,  and  the  liquid  has  been  used  as  a  vaccine. 
When  appUed  to  the  nose,  it  is  said  to  produce  a  mild  attack  of 
distemper,  which  protects  as  much  as  an  attack  of  the  disease 
contracted  naturally.     These  results  require  confirmation. 

Inoculation  of  the  nasal  discharge  in  healthy  dogs  has  been 
practLsed,  s(3  that  they  may  have  the  disease  under  favourable  con- 
ditions ;  but  the  system  should  not  be  encouraged,  as  dogs  need  not 
necessarily  contract  distempei*.  Vaccination  with  cow-pox  lymph 
has  been  advocated,  but  it  is  perfectly  useless. 

Stamping-out  System. — Dogs  suffeiing  fi-om  distemper  must  be 
completely  isolated.  Any  straw  or  litter  which  has  been  in  contact 
with  a  diseased  dog  should  he  burnt.  Clothing,  collars,  chains,  and 
the  kennel  or  premises  inhabited,  must  be  thoroughly  disinfected. 
The  animal  after  recovery  should  l>e  washed  with  carbolic  soap. 

Epidemic  Disease  of  Ferrets. 

Ebertli  and  Bchimmelbusch  investigated  an  epidemic  disease  of 
ferrets  [frettchen-aeivche),  and  isolate<l  a  bacillus,  which  in  mor- 
phology and  cidtivation  agrees  very  closely  with  the  bacillus  of 
hiemorrhagic  septicaemia. 

Epidemic  Disease  of  Mice. 

Loftier  investigated  an  epidemic  (hsease  which  occurred  in  mice 
kept  in  confinement,  and  isolated  a  l)acillus  reseinblhig  Bacillus 
typhosus. 
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Bacillus  Tsrphi  Murium. — Rods  varying  in  length ;  and  fila- 
ments ;  motile ;  flagellated.  The  colonies  are  circular,  brownish 
and  granular  on  the  surface  of  obliquely  solidified  gelatine.  The 
bacteria  inoculated  on  the  surface  produce  a  greyish-white  semi- 
transparent  growth,  and  on  agar  and  potato  the  appearance  of  the 
growth  is  very  similar.  They  can  be  cultivated  readily  in  milk  and 
in  broth.  White  and  field  mice  are  killed  in  from  one  to  two 
weeks,  when  given  bread  moistened  Avith  a  culture. 

Loffler  claims  to  have  used  this  method  with  success  in  Thessaly, 
where  there  was  a  plague  of  field  mice  causing  great  losses  to 
agriculturists. 


CHAPTER    XXVII. 

ASIATIC  CHOLERA. — CHOLERA  NOSTRAS.  —  CHOLERAIC  DIAREHCEA 
FROM  MEAT-POISONING. — DYSENTERY. — CHOLERAIC  DIARRHCEA 
IN    FOWLS. 

Asiatic  Cholera. 

There  are  neveral  diseases  in  man  associated  with  diarrhoea,  which 
have  certain  characters  in  common,  but  are  totally  distinct.  They 
include  Asiatic  cholera,  cholera  nostras,  dysentery,  and  choleraic 
diarrhoea.  Asiatic  cholera  is  an  endemic  disease  of  the  Delta  of 
the  Ganges,  a  locality  which  has  become  notorious  as  the  home 
of  cholera.  Cholera  is  a  filth  disease ;  and  the  accumulation  of 
filth  on  the  banks  of  the  Ganges,  with  contamination  of  the 
water,  and  the  climate,  afford  most  favourable  conditions  for  the 
development  of  the  cholera  virus. 

Four  great  cholera  epidemics  have  oiiginated  in,  and  spread 
from,  India:  in  1817,  in  1826,  in  1846,  and  in  1865.  Cholera 
follows  the  routes  of  pilgrims  and  caravans,  and  now,  owing  to 
the  rapid  means  of  communiciition  by  steamers  and  railways,  it 
spreads  to  the  most  distant  parts  of  the  world,  covering  in  a  few 
weeks  or  days  distances  which  in  former  times  could  only  be  traverse*! 
in  several  months  or  even  yeai's. 

In  1892  the  epidemic  passed  from  India,  through  Afghanistan, 
to  Russia  in  Asia,  and  quickly  spread  westwards  along  the  route 
of  the  trans-Caspian  railway  ;  and  all  this  occiu*red  within  the  space 
of  a  few  weeks.  By  Russian  emigrants  it  wjis  carried  to  Hamburg 
and  Antwerp ;  and  the  virus,  finding  a  suitable  environment  in  the 
former  place,  produced  a  severe  epidemic  there.  Thus,  in  about  three 
months,  it  was  brought  into  close  proximity  with  England.  Mecca 
is  one  of  the  great  infective  centres  of  the  wprld,  for  there  all 
the  conditions  are  found  for  the  propagation  of  cholera,  including 
filth,  overcrowding,  and  the  water  of  the  famous  Holy  Well,  which 
is    used    for    ablutions    and    drinking    purposes.       The    return    of 
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the  pUgrims  to  Egypt,  and  the  proximity  of  England  to  Egypt, 
necessitate  the  greatest  possible  precautions  to  prevent  the  intro- 
duction of  the  disease  into  this  country. 

In  1884  a  German  Commission  was  sent  out  to  India,  and  Koch 
discovered  a  micro-organism  which  he  described  iis  a  curved  or 
comma-shaped  bacillus,  and  pronounced  to  be  the  contagium  of 
this  disease. 


a 


Fio.  145. — Ck>VER-GLAS8  PREPARATION  OF  A  Drop  OF  Meat  Infusion,  containing 
a  pure-cultivation  of  comma-bacilli,  with  (a)  spirilliform  threads,  x  600.    (Kocth.) 

Spirillum  cholersB  AsiaticsB  {Comnia-hacilltiSj  Koch). — Curved 
rods,  spirilla,  and  threads.  The  curved  rods  or  commas  are  about 
half  the  length  of  a  tubercle-bacillus.  They  occur  isolated,  or 
attached  to  each  other  forming  S'^^^^P^^^  organisms  or  longer 
screw-forms,  the  latter  resembling  the  spirilla  of  relapsing  fever. 


"*'#/A^ 


f 

Fio.  146. — ARTmtOSPORES ;  (a)  Comma-bacilluH  breaking  up  into  aphereH ;  (6,  c), 
formation  of  spheres  in  spiral  forms ;  {d,  e),  groups  of  spheres ;  {/)  spirilla 
with   spheres   from  an    old    cultivation;   (ff)   germination   of    the  npherei?. 

(UUKPPK.) 

FinaUy  they  may  develop  into  spirilliform  threads.  In  old  cultiva- 
tions threads  are  found  with  swellings  or  irregularities  (Fig.  148). 
The  commas  are  actively  motile,  and  pcxssess  flagella  (Fig.  147). 
Their  movementsj  and  development  into  spiiilla  may  be  studie<l  in 
drop-cultivations.  Arthrospore  formation  has  been  described  by 
Hneppe  (Kg.  146).     In  plate-cultivations,  at  a  temperature  of  from 
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16°  to  20°  C,  the  colonies  develop  as  little  specks,  which  b^in  to 
be  visible  after  about  twenty-four  hourx.  Examined  with  »  low 
power,  and  a  small  diaphragm,  these  colonies  have  the  following 
characteristics.      They    appear    a»    little    maasm,    granular,    and 


,V?» 


<lt 


i?\ 


¥xn.  147-~Flauiilla  or  Comma-baciixi  ;  htaimku  bt  Lorruck's  MnHOit 
{Kbakkel  and  PrBims}. 

yellowish- white  in  colour,  and  sometimes  very  faintly  tinged  with 
red,  which  have  liquefied  the  gelatine,  and  sunk  down  to  the  bottom 
of  the  resultiug  excavations. 

In  test-tuben  of  HJightly  alkaline  nutrieut  gelatine  (10  per  cent.), 


Fu:.   14a-lNvoi.LTLi)N  Forms,  h  700        Fio.  149.-Cow>MK8  or  Cobmabacilli 
(Van  Euhnukm).  ok  Nltbiint  Oklatiki,   Natlbal 

UizK  (Koch). 

the  appeai'ance  of  the  growth  is  very  striking.  In  typical  cultures 
it  begijis  to  be  visible  in  about  twenty-four  hours.  Liquefaction 
sets  it)   very  slowly,  commencing   at  the  top  of  tbe  needle  track 
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V'  J^ 


around  an  enclosed  bubble  of  air,  and  forming  a  funnel  continuous 
wth  the  lower  part  of  the  growth  ;  the  latter  preserves  for  several 
days  its  resemblance  to  a  white 
thread  (Plate  II.,  Fig.  1).  In 
tibout  eight  days,  however,  lique- 
faction takes  place  along  the 
whole  of  the  needle  track. 

On  the  surface  of  agar- agar 
the  cidtivation  develops  as  a 
white,  semi-transparent  layer, 
with  well-defined  margin.      The 

appearance  on  blood  serum  is  very  similar ;  liquefaction  very  slowly 
takes  place.  In  broth  they  form  a  wrinkled  film  on  the  surface, 
there  is  a  rapid  and  abundant  growth  at  the  temperature  of  the 


Fig.  150. 


Corx)MK8  OK  Koch's  Comma- 
bacilli,   X  60. 
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Fig.  15L— Ck>VKR-OLABS    Preparation 

FROM  TilB  COMTKNTS  OF    A    ChOLKRA 

Intestinb,  X  600.  (a)  Remains  of  the 
epithelial  cells;  (6)  Comma-bacillus; 
(e)  (xToup  of  comma-bacilli  (Koch). 


Fig.  152.— Cover-o  lass  Prkparation 
of  Cholera  Dejecta  on  Damp  Linen 
(two  days  old),  x  600.  Great  prolife- 
ration of  the  bacilli  with  Hpirilla  (a) 
(Koch). 


blood,  and  the  same  applies  to  sterilised  milk ;  and  they  will  even 
multiply  in  sterilised  water.  In  potato- cultivations  the  microbe 
will  only  grow  at  the  temperature  of  the  blood  (37°  C),  forming  a 
slightly  brown,  transparent  layer.  Inoculation  of  a  cultivation  of 
the  bacillas  in   the  duodenum   of  guinea-pigs,  with  and  without 
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ligation  of  the  bile-duct,  haii  given  positive  resultH.  Hon  racemtlj 
these  raaultM  have  been  confirmed  by  the  following  method :  Kve 
cc.  of  a  &  per  cent,  nolution  of  potaah  were  injected  into  the 
Htomach  of  a  gtiinea-pig,  and  twenty  minutes  after,  10  cc.  of  a 
cultivation  of  comma -bacilli,  diffuKod  in  broth,  were  similarly  intro- 
duced. BimultaneuuNly  with  the  latter,  an  injection  of  tinctare  of 
opium  wax  made  into  the  ahdominal  cavity,  in  the  proportion  at 
I  cc.  for  every  200  grammes  weight  of  the  animal.  Those  who 
liave  hod  xuccew  with  inoculation  experiments  maintain  that  choleraic 
symptoms  were  produced  without  any  trace  of  peritonitis  or  putrid 
infection,  and  that  the  comma-bacilli  of  Koch  were  again  found 
in  the  intestinal  contents,  and  fresh  oultivations  eiftablished. 


;u.  iri3.-MK<"nciN  (11'  TUB  M 
A  tubular  Klitnd  (»)  in  di 
tho  ei>ith(-ltiini  uiul  the  bi 
(Koch). 


It  Mkhbh.ink  or  A  Cholbu.1  Intbhtine,  x  600. 
t  trauKvenvIy  ;  in  iIm  interior  {b)  and  between 
vnt  nitmibnuie  (c|  are  numeroiiH  oomnw-bacilli 


On  the  other  haiiil,  these  i-eKuIts  have  been  disputed,  the  fatal 
effects  of  tho  iuiK'ulntion  attributed  to  Heptictemic  ]>oisoning,  and 
the  pro1ift.<ration  of  the  biicilli  considered  to  )>e  dependent  upon  an 
ubnortual  (■oiiditiiiii  iif  tlie  iiitcsttites,  induced  by  the  injection  of 
tinctuni  of  opium.  It  hiw,  liowever,  been  shown  thiit  these  orgauisms, 
like  several  others  which  have  been  i.solated  from  intestinal  die- 
chargBH,  prmhice  <lefinite  poiwnouM  Mul»ta,nce«.  The  comma-bacilli 
were  found  in  the  superticial  net-rosed  layer  of  the  intestine,  in 
the  nmcouM  flakes  and  liquid  contente  of  the  intestinal  canal  of 
cases  of  Asiatic  cholera.     It  is  stateil  that  they  were  also  detected 
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in  a  tank  which  contained  the  water  supply  of  a  neighbonrhood 
wha«  cholera  cases  occurred;  but  com  ma-shaped  orgauifims  ure 
frequently  present  in  we  wage-con  taminated  water.  Koch's  comma- 
bacilli  are  aerobic,  and  their  development  is  arrested  by  deprivation 
of  oxygen.  They  are  destroyed  by  drying  on  a  cover  gksa,  but 
retain  their  vitality  longer  when  dried  on  silk  threads.  Cultures 
are  sterilised  by  expoEure  for  fifteen  minutoK  to  55°  O.,  and  by 
various  antiseptic'  KubstanceN. 


Hetuods  Of  Stainiko  the  Cohma- bacilli  of  Koch. 

In  cover-glass  prepBiations  they  may  be  well  stained  in  the  ordinary 
way,  with  anaqueona  solution  of  methyl-violet  or  fuchaine,  or  by  the 
rapid  method,  withoat- passing  through  the  flame  (p.  85,  fiab^e'  method). 

Nicali  and  RtUech'a  method. 

A  small  quantity  of  the  stools,  or  of  the  scraping  of  the  iutestiuol 
mucous  membrane,  is  spread  out  on  a  glass  slide  and  dried,  theu  steeped 
during  some  seconds  in  sublimate  solution,  or  in  osmic  acid  (1  to  HO). 
It  is  then  stained  by  immersion  in  fiichsiuti- aniline  solutiou  (1  or  2 
granunes  of  B&le  fucbsine  dissolved  in  a  saturated  nqueoux  solution  of 
aniline),  washed,  driad,  and  mounted  in  Canada  balsam. 
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In  sections  of  the  intestine  their  presence  may  be  demonstrated  by : — 

(o)  Koch^B  method. 

Sections  of  the  intestine,  which  must  be  well  hardened  in  abeolute 
alcohol,  are  left  for  twenty-four  hours  in  a  strong,  watery  eolation  of 
methylene-blue,  or  for  a  shorter  time  if  the  solution  is  warmed  ;  then 
treated  in  the  usual  way. 

{h)  Dabks'  method,  • 

Sections,  preferably  from  a  recent  case  of  cholera,  and  made  as  soon  as 
possible  after  death,  are  left  for  twenty-four  hours  in  an  aqueous  solution 
of  f uchsine,  then  washed  in  distilled  water,  faintly  acidulated  with  acetic 
acid,  or  in  sublimate  solution  1  in  1000,  passed  rapidly  through  alcohol, 
and  finally  treated  in  the  usual  way. 


Klein  investigated  cholera  in  India,  and  does  not  accept  Koch's 
coiiclusionM.  With  regard  to  the  inoculation  experiments,  Klein 
believes  that  the  living  choleraic  comma -bacilli,  even  if  introduced 
in  largo  numbers  into  the  small  intestine,  are  quite  innocuous, 
but  capable  of  great  multiplication  if  the  intestine  is  previously, 
from  some  cause  or  another,  diseased  ;  the  chemical  products  of  the 
comma- bacilli  then  act  as  poisons  analogous  to  the  ptomaines 
obtaiiHHl  from  other  putrefactive  bacteria.  The  observations  made 
by  Roy,  Brown,  and  Sherrington,  in  Spain,  tended  to  confirm 
Koch*s  views.  Com  ma- bacilli  were  found  to  be  present,  in  some 
cases,  in  enormous  numbers,  and  the  frequency  of  their  occurrence 
led  tliese  observers  to  believe  that  they  must  bear  some  relation  to 

the  disease.     At  the  same  time, 

,  ^     «  ft**  they  failed  to  find  them  in  all 

.  cases,  they  i*egar(led  the  existence 

\       f     :  of  a  causal  relation  as  not  proven. 

^    ^/'  They  failed  to  find   the    Naples 

^       .  <^  ^^  bm'terium,  or  a   small,    straight 

*^  ^  ^  bacillus    noted    by    Klein ;    and 

they   drew   attention  to  certain 
Fk;.  15;-).-C()mma-shai'ki)    Organisms      |jeculiar    mycelium -like    threads 

WITH    OTHKR     liAC-TKKIA     IN    SkWAGE-         •        ^i  i.  i?    xi_ 

...NTAMiNATHr.  Watbk.  X  1200.  1"  *''«  "'"««»«  membrane  of  the 

intestines ;  but  these  cannot  be 

considered    to    havt^    any   significance.       Methylene-blue   has   been 

eniploytjd  by  Koch  and  others,  including  the  author,  for  staining 

sections  of  the   intestine    from  cholera   cnses,  amd    had  they  been 

constantly   present,  it  is  hardly  possible  that  such  striking  objects 

could  have  been  overlooked.     Again,   we  must  lx?ar  in  mind   that 

liyplio-mycetoiis  fungi  occasionally  have  been  found  to  occur  sapro- 

jjliyticjilly  in  the  intestinal  canal,  as  well  as  in  the  lungs,  external 

auditory  meatus,  and  elsewhere.    (Junninghani,  of  C-alcutta,  maintains 


m 
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that  Koch's  comma-bacilli  are  not  constantly  found ;  and  that 
the  comma- bacilli  obtained  from  typical  cholera  cases  show  a 
great  variation  in  cultivation,  and  cannot  be  distinguished  from 
oomma-bacilli  from  other  sources. 

Cunningham      asserts     that  N^vt:; 

comma-bacilli  resembling  Koch's  r^^^?*  ^'^5^^ 

are   found  in    the   intestine   in 

health.     Sternberg,  on  the  other  ->r^'t-^\j- 

hand,  made  a  number  of  examina-  ^cJV    '^ 

tions  of  the  evacuations  of  yellow 

-  ...  11.1x1-         •!•  FlO.  156. —Com  MA-BACILLI  OF  THE  MOUTH, 

fever  patients  and  healthy  mdi-  ^  .^  ^y^^  Ermengkm). 

viduals,  and  failed  to  find    any 
micro-organism  resembling  the  cholera  spiiillum. 

Various  comma-bacilli  have  been  isolated  from  different  sources 
and  compared  with  Koch's  comma-bacillus.    Comma-bacilli  have  l)een 

found  in  the  mouth  by  Lewis  ; 
in  cholera  nostras  by  Fiiikler  an<l 
Prior ;  in  cheese  by  Doneke ; 
in  hay  infusion  and  sewage  by 
Weibel ;  in  the  intestines  of  fowls 
by  Gamaleia,  and  in  water  by 
^/i>C^         ^7>      ""  Sjinarelli. 

-^"^  Whether   tlie   comma-bacillus 

Fio.  157.— FiNELKR's   CoMMA-BAciLU ;      is     the     cause     of     cholera     or 
FRoif  Cholbra  nostras,    X    700      iiot,    its  detection    is   an  aid  in 

^       ^^  '*  diagnosis.      If    we    are    dealing 

with  a  case  alleged  to  be   one   of  Asiatic  cholera,    and   a   micro- 
organism   is   found   in   the   intestinal   evacuations,    which    can    be 
differentiated  from   the    comma-bacillus   described  by   Finkler    in 
cholera  nostras,    and    identified 
with    the     comma-bacillus     de- 
scribed by  Koch,  we  are  justified 
in  regarding  the  case  as  one  of 
Asiatic  cholera.     But  we  cannot 
diagnose  Koch's  comma -bacillus, 
with  certainty,  unless  we  know  *./- 

the  source  of  the  culture.  The  ^^^  i58.-Deneke'8  Comma-bacilli, 
clinical  symptoms  of  cholera   in  j-rom  Cheese,  x  700  (FlUcjge). 

man,  and  especially  the  presence 

of  rice-water  stools,  must  be  taken  into-  account,  tog(»ther  with 
the  biological,  morphological,  and  chemical  characteristics  of 
the  bacilli    which   are   found    to   be    present.      Thore  are  several 
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chemical  testH  which  can  be  applied  to  cultures.  According  to 
Frankely  the  Bujwid-Duuham  test  can  be  relied  upon  to  distin- 
guish Koch's  comma-bacillus  from  the  comma-bacillus  of  Pinkler- 
Prior  (cholera  nostras),  and  from  those  found  by  Gamaleia.  The 
comma-bacilli  are  inoculated  in  broth  containing  peptone,  and, 
after  twelve  hours  in  the  incubator,  a  drop  of  strong  sulphuric 
acid  added  to  the  culture  will  produce  a  red  colour,  owing  to  the 
presence  of  indol.  A  test  which  distinguishes  Koch's  comma- 
bacillus  from  Finkler- Prior's  and  Deneke's  was  introduced  by  Caheu. 
A  solution  of  litmus  is  added  to  the  broth,  and  the  culture  placed 
in  the  incubator,  until  the  following  day ;  in  the  case  of  Koch's 
commas,  the  colour  will  have  disappeared. 

Koch  points  out  that  in  the  bacteriological  diagnosis  of  cholera 
the  first  step  is  to  examine  the  mucus  in  the  evacuations,  or  in  the 
intestine  if  the  examination  is  made  after  death.  Cover-glass 
preparations  should  be  stained  with  dilute  Ziehl-Neelsen  solution. 
Cultures  are  next  made  in  peptone,  and  in  eight  hours  will  give  the 
indol  reaction.  In  twenty-four  hours  the  colonies  may  be  examined 
on  plate-cultivations.  The  peptone  cultures  are  prepared  by  adding 
a  trace  of  the  choleraic  evacuations,  or  of  mucus  containing  the 
bacilli,  to  a  sterilised  1  per  cent,  solution  of  peptone,  with  *5  to  1 
per  cent,  of  common  salt.  The  solution  must  be  alkaline,  and  the 
culture  is  placed  in  the  incubator  at  37°  C.  The  pathogenic  effects 
can  be  ascertained  by  diffusing  the  bacilli  from  an  agar-culture  in 
broth,  and  injecting  it  into  the  peritoneal  cavity. 

Toxic  Products. — Brieger  isolated  several  toxic  products  which  he 
had  found  in  association  with  putrefaction,  such  as  cadaverin  and 
putrescin  ;  but  there  were  also  present  two  new  toxic  substances,  one 
producing  cramps  and  muscular  tremors  in  inoculated  animals,  and 
the  other  lowering  the  tenn)erature  and  depressing  the  action  of 
the  heart.  Later,  Brieger  in  conjunction  with  Frankel,  8Ut*ceede<l 
in  Isolating  a  tox-albuniin  from  pure  cultures.  Guinea-pigs  were 
killed  in  two  or  three  days,  but  rabbits  had  an  immunity.  Pfeiffer 
found  that  cultures  contained  a  i)oii>onous  principle  which  proved 
fatal  to  guinea-pigs  in  extremely  minute  doses.  It  is  broken  up 
by  alcohol  and  by  boiling,  and  secondary  products  formed,  of  very 
much  mitigated  virulence.  Similar  toxic  products  were  obtained 
from  cultures  of  i;oth  Fin kler- Prior  s  and  Metchnikoff's  commas. 

Protective  Inoculation.  -UatFkine  has  introduced  a  system  of 
protiK^tive  inoculation,  which  is  founded  on  the  principle  of  inducing 
the  formation  of  antitoxins,  or  defensive  proteids.  Comma-baciUi 
when   fii'st   cultivated    from  a  cholera   patient  are  not   sufficiently 
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virulent,  and  the  virulence  is  increased  by  cultivation  in  the 
peritoneal  cavities  of  a  succession  of  guinea-pigs.  This  successive 
cultivation  is  carried  on  until  a  virus  is  obtained  which  proves  fatal 
in  a  few  hours  when  inoculated  into  the  peritoneum.  A  culture 
from  the  peritoneum  is  obtained  on  an  agar  plate-cultivation,  and 
a  pure  sub-culture  on  agar  is  thoroughly  shaken  up  with  broth. 
This  constitutes  the  vaccinating  fluid.  It  may  be  used  as  a  living 
vaodne,  or  the  comma-bacilli  killed  by  the  addition  of  carbolic 
acid. 

Haffkine,  having  studied  the  pathological  and  physiological  effects 
on  some  sixty  persons,  mostly  scientists  interested  in  the  subject,  and 
finding  the  treatment  to  be  harmless,  transferred  his  opemtions  to 
localities  in  India  affected  by  cholera.  The  inhabitants  of  the 
northern  part  of  India  were  the  first  to  come  forward  and  submit 
themselves  to  the  inoculation.  In  the  course  of  the  fii'st  year 
22,703  were  inoculated  in  the  North- West  Provinces  and  Oudh, 
and  in  the  Punjab.  All  classes  ofj  the  population  wei-e  included. 
In  the  second  year  operations  were  carried  out  in  thase  parts  of 
the  country  where  cholera  always  prevails,  and  where,  therefore,  the 
method  could  be  more  satisfactorily  tested. 

From  March  1894,  to  July  1895,  19,473  individuals  wore 
inoculated  in  some  of  the  most  affected  localities. 

From  observations  made  at  Calcutta  by  Dr.  Simi)son,  from  March 
1894  to  August  1895,  cholera  occurred  in  36  houses  contiiining 
inoculated  people.  Tliere  were  521  inhabitants  in  the  iiifo(;tod 
houses,  of  whom  181  were  inoculated  from  1  to  459  days  before  the 
occurrence,  while  340  remained  uninoculated.  The  uninoculated  had 
45  cases  with  39  deaths  from  cholera ;  the  inoculated  had  4  deaths, 
1  occurring  451  days  after  the  first  inoculation,  and  3  others  from 
1  to  4  days  after  the  first  inoculation.  These  four  cases  had  not 
been  re-inoculated.  If  the  occurrences  in  inoculated  and  non-inocu- 
lated during  the  first  10  days  were  set  aside,  and  those  considered 
that  occurred  after  the  10  days  expired,  then,  acconliug  to  Dr. 
Simpson,  the  proportion  of  cases  was  19*27  and  that  of  deaths  17*24 
times  smaller  in  the  inoculated  then  in  the  uninoculated. 

Cholera  broke  out  in  the  Gya  gaol,  and  inoculations  were  made 
after  6  cases,  with  5  deaths,  had  occuiTed.  During  the  stay  of  the 
prisoners  in  the  gaol,  there  were  209  uninoculated,  with  7  cases  and 
5  deaths,  and  211  inoculated,  with  5  cases  and  4  deaths. 

In  July  and  August  in  the  same  year  cholera  attacked  the  East 
Lancashire  Regiment.  Out  of  773  men  there  wei*e  133  iiioculjited 
and  640  uninoculated, 
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The  occurrences  of  CH«ea  and  deaths  were  : — 

In  640  iiniuocuUted  120  cases  (18-76  %),  79  deaths  {12-34  %). 

In  133  inoculated  18  cases  (13-53  %),  13  deaths  (9-77  %). 

These  results  were,  it  is  said,  due  to  the  weakness  of  the  vaccinal 
procurable  at  that  period  of  the  work,  and  to  the  small  doses  used. 

There  were  a  great  many  i-ecords  kept  of  the  results  of  inocula- 
tion of  coolies  on  tea  estates  in  different  locahties.  After  asiunmary 
of  the  results  Haffkine  concludes,  in  his  Report  to  the  Oovemmeut 
of  IiuliiL,  that,  in  his  opinion,  the  experimental  stage  was  not  yet 
in  so  advanced  a  condition  as  to  be  completely  closed ;  but  that 
the  observntions  made  and  records  collected  justified  steps  being 
taken  to  give  the  inoculations  a  more 
extended  trial. 

Cholk&a  Nostrab. 
Cholera  nostras,  Englisb  cholera,  or 
English  dysentery,  produces  an  inflamma- 
tion of  the  mucous  membrane  of  the 
bowels  with  croupous  exudation.  The 
lai^e  intestine  is  commonly  affected,  and 
the  mucous  membrane  may  be  covered 
with  small  supei-ficial  ulcers.  The  disease 
is  associated  with  severe  diarrh<Ba. 

Finkler  and  Prior  obtained  a  comma- 
bitdllus  from  the  evacuations,  which  they 
believeil  to  be  identical  with  the  comma- 
biicilluH  found  by  Koch  in  Asiatic  cholera. 
Kuch  {)ointed  out  that  there  were  marked 
differences  in  the  biological  character  of 
the  two  mici-o-orgiLnisms. 

SpiriUum  Finkler-Prior  {Comma- 
bacillus  in  ChoUra  nostraa). — Curved  rods, 
thicker  than  the  comma -bacillus  of  Koch, 
and  Hpirilla.  The  colonies  on  plate- 
cultivations  are  very  much  larger  than 
tlnise  of  the  comma -bucil lux  of  Koch  of  the  Nime  age.  They  have  a 
very  faint  yt^llowish-biown  tingt",  a  well-defined  border,  and  a  distinctly 
granular  aj>[teariince.  They  liijuefy  nutrient  gelatine  very  rapidly, 
so  that  the  first  pint*  of  a  series  is,  an  a  rule,  completely  liquefied  on 
the  (lay  following  inoculation,  and  the  second  plate  in  two  or  three 
cJiiys  more.  In  a  test-tube  cultivation  in  nutrient  gelatine  the 
appeiiraucea  are  eBpetially  characteristic  :  the  gelatine  is  veiy  rapidly 
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liquefied  along  the  whole  track  of  the  needle,  so  that  the  cultivation 
i*e8emble8  a  conical  sack,  or  the  finger  of  a  glove  turned  inside  out. 
On  a  sloping  surface  of  nutrient  agar-agar  a  white  moist  layer  forms 
very  quickly.  On  potato  they  grow  at  the  ordinary  temperature 
of  the  air,  producing  a  brownish  layer  and  corrosion  of  the  surface 
of  the  potato.     They  have  been  shown  to  be  pathogenic. 

Choleraic  Diarrbcea  from  Meat  Poisoning. 

There  are  two  varieties  of  choleraic  diarrhoea  from  meat  poisoning, 
and  both  are  associated  with  vomiting,  diarrhoea,  pain  in  the  abdo- 
men, in  severe  cases  followed  by  suppression  of  urine,  collapse,  and 
death.  These  conditions  are  brought  about  by  poisonous  foods,  and 
include  those  cases  of  poisoning  by  tinned  meats,  pork  pies,  hams, 
cheese,  sardines,  and  other  articles  of  food  improperly  prepared.  In 
most  cases  putrefaction  has  taken  place,  owing  to  the  action  of 
various  bacteria.  Associated  with  their  growth  we  find  highly 
poisonous  substances,  but  no  bacteria  are  found  in  the  body  in  these 
cases.  They  are  all  due  to  chemical  poisoning  ;  but  Klein  has  also 
described  cases  of  poisoning  due  to  the  growth  of  bacteria  without 
the  presence  of  putrefaction.  The  latter  were  of  the  nature  of  an 
infectious  disease.  In  the  Welbeck  poisoning  cases,  described  by 
Ballard,  the  poisonous  hams  contained  a  short  bacillus,  which  was 
also  found  in  the  kidney  and  spleen  in  the  fatal  cases  in  man.  In 
the  Carlisle  epidemic,  which  was  due  to  poisonous  pork  pies,  the  pork 
and  gravy  stock  proved  fatal  to  mice,  and  from  the  infected  mice 
a  bacillus  was  cultivated,  which,  administered  to  mice  by  feeding  or 
subcutaneous  inoculation,  produced  enteritis,  diarrhoea,  and  congestion 
of  the  lungs. 

Qartner  cultivated  Bacillus  enteritidis  from  the  spleen  in  a 
fatal  case  of  meat  poisoning.  Gaffky  obtained  a  similar  bacillus  in 
cases  of  gastro-enteritis,  following  the  consumption  of  meat  and 
sausages,  which  had  been  made  of  horseflesh. 

Bacillus  of  Choleraic  Diarrhoea  ft*om  Meat-poisoning 
(Klein). — Bods  from  3  to  9  /x  in  longth,  1*3/1  wide,  rounded  at  their 
extremities,  singly  or  in  chains  of  two.  Spore- formation  occui-s, 
the  spores  being  1  fi  thick,  ovul,  and  situated  in  the  centre  or  at 
the  end  of  the  rod. 

Feeding  mice  with  the  bacilli  and  inoculation  produced  positive 
results.  At  the  autopsy,  pneumonia,  peritonitis,  pleuritis,  enlai-gement 
of  the  liver  and  spleen,  and  haemorrhages  were  observed,  and  baciUi 
were  present  in  the  blood  and  exudations  of  these  animals.      They 
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with  the  bacilli  die  in  one  or  two  days.  Subcutaneous  injection  in 
fatal  in  guinea-pigs  and  rabbits  in  from  two  to  five  days.  Dogs, 
cats,  and  fowls  are  immune. 

The  bacilli  were  obtained  from  a  cow  suffering  from  a  disease 
associated  with  diarrhoea,  and  from  the  spleen  of  a  man  who  died 
twelve  hours  after  partaking  of  the  flesh  of  this  animal. 

Dysentery. 

D3r8eDtery  is  a  disease  of  tropical  climates  associated  with  in- 
flammation and  ulceration  of  the  large  intestine  (Fig.  160).  At  first 
the  discharge  from  the  bowel  is  a  whitish  or  brownish  mucus, 
which  soon  becomes  blood-stained;  later  the  evticuatioiis  become 
thin  and  watery,  with  alterod  blood  clots,  fragments  of  mucous 
membrane,  and  pieces  of  false  membrane ;  and  in  some  cases  they 
haoome  purulent.  The  virus  is  believed  to  be  in  the  intestinal 
flischarges,  which  by  contaminating  water  or  soil  may  give  rise  to 
other  cases. 

Micrococci  have  been  found  in  dysentery,  but  the  micro-organism 
which  has  received  most  attention  is  a  pi-otozoon,  the  Aviarba  coli, 
which  will  be  described  in  another  chapter. 

Choleraic  Diarrhcea  in  Fowls. 

Choleraic  diarrhoea  in  fowls,  or  gastro-enteritis  cholerica,  is  an 
infectious  disease  of  fowls,  occuriiug  in  Russia  during  the  summer. 
The  disease  is  very  like  fowl-cholera.  The  birds  are  sleepy,  and 
suffer  from  diarrhoea,  but  the  temperature  is  not  raised,  as  in 
fowl-cholera.  After  death  there  is  usually  an  abundance  of  greyish 
liquid  in  the  small  intestine,  which  is  stained  with  blood.  It  was 
investigated  by  Oamaleia,  who  found  a  comma- bacillus,  to  which  he 
gives  the  name  Vibrio  Metchnikovi. 

Spirlllnm  of  Fowl-enteritis  (Vibrio  Metchnikovi).— Curved 
rods  and  spirilla;  thicker,  shorter,  and  more  curved  than  Koch's 
commas.  They  are  motile,  and  possess  a  single  flagellum  at  one  end. 
They  stain  with  the  usual  dyes.  Spore-formation  doubtful.  In  plate- 
cultivations  minute  white  colonies  appear  in  from  twelve  to  sixteen 
hours,  and  the  gelatine  is  liquefied.  The  colonies  in  al)out  three 
days  resemble  those  of  both  Finkler- Prior's  and  Koch's  comma-liacilli, 
some  colonies  being  more  like  the  one  kind,  and  some  like  the  other. 
In  the  depth  of  gelatine  the  growth  is  very  mu(*h  like  that  <.)f  Koch's 
comma-bacillus,  possessing  the  characteristic  air-bubble  appearance. 
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On  agar  a  slightly  yellowish  growth  is  obtained,  resembling  that 
of  Koch's  commas  ;  on  potato  a  yellowish -brown  or  chocolate  layer 
develops  after  incubation  at  the  temperature  of  the  blood,  very 
similar  to  cultures  from  Asiatic  cholera.  Broth  becomes  turbid,  and 
a  wrinkled  film  forms  on  the  surface ;  the  addition  of  8ulphiu*ic  acid 
gives  the  indol  test.  The  spirilla  grow  in  milk,  and  coagulate  it ; 
the  milk  becoming  strongly  acid,  and  the  casein  being  precipitated. 
They  are  pathogenic  in  chickens,  pigeons,  and  guinea-pigs.  Pigeons 
die  in  about  twelve  hours  after  a  subcutaneous  injection ;  and  the 
spirilla  are  found  abundantly  in  blood  from  the  heart.  Guinea-pigs 
die  from  acute  septicaemia  in  about  twenty-four  hours.  The  spirilla 
are  found  in  the  blood  and  internal  organs.  Inoculation  of  pigeons 
and  guinea-pigs  with  sterilised  cultures  will  produce  immunity. 


CHAPTER    XXVIII. 

TUBERCULOSIS. 

Tuberculosis  is  a  oommunicable  disease  of  man  and  animals,  charac- 
terised by  the  formation  of  new  growths  associated  with  the  presence 
of  the  tubercle  badllus.   Yon  Bayle,  in  1810,  was  the  first  to  describe 
little  growths  like  millet  seeds,  which  were  considered  to  be  character- 
istic of  consumption  or  phthisis.   Laennec,  in  1834,  attached  much 
more  importance  to  the  existence  of  caseous  matter  and  classified 
miliary  tubercle,  crude  tubercle,  granular   tubercle,  and  encysted 
tubercle,  as  varieties  of  tuberculosis.     Virchow  would  not   accept 
all  these  varieties  as  tubercular,  and  only  regarded  those  conditions 
associated  with   the   presence  of    miliary   tubercles    as  genuinely 
tubercular.     Laennec's   so-called  crude  tubercle,  for  example,  was 
simply  due  to  pneumonic  caseation.     Yillemin  threw  entirely  fresh 
light  upon   this  controversy  by  proving  that   tuberculosis   was  a 
communicable  disease.     Rabbits  and  guinea-pigs,  inoculated   with 
tubercular  sputum  or  caseous  tubercle,  developed  miliary  tubercle  in 
a  few  wtoks.     Sanderson  confirmed  these  experiments,  and  pointed 
cat  that  foreign   bodies  would   produce   experimental   tuberculasis 
in  rabbits.     Gohnheim  also  confirmed  the  experiments  of  Yillemin, 
and  maintained  that  tuberculosis  was  a  specific  inoculable  disease, 
and,  therefore,   everything  was  tubercular  which,  on   inoculation, 
produced  tuberculosis.     Koch,  in  1882,  announced  the  discovery  of 
the  tubercle  bacillus,  and  expressed  the   opinion  that  without  the 
tubercle  bacillus  there  could   be  no  tuberculosis.      Tubercle   was 
defined  as  tissue  containing  the  tubercle  bacillus,  whatever  might 
be  the  clinical  manifestations  of  the  case,  or  the  microscopical  and 
naked-eye  appearances  of  the  diseased  parts. 

A  tubercle  is  a  small  growth  about  the  size  of  a  millet  seed.  In 
the  early  stage  it  is  circular,  hard,  grey  in  colour,  and  lustrous ;  but 
when  it  andergoes  necrosis  and  caseation  it  becomes  soft  and  yellowish. 
Tn  the  very  early  stage  it  consists  of  a  little  collection  of  round 
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cellH,  in  vhich  it  in  pooaible,  though  often  with  extreme  difficulty, 
to  demonHtrate  the  tubercle  bacillus.  The  cells  originate  in  the 
proliferation  of  endothelial  cxmnective  timue  and  white  blood  celln. 
Later  on,  large  oval  or  circular  multi -nucleated  cells,  or  giant  oeiU, 
make  their  appearance.  The  tubercle  bacilli  are  only  occasionally 
found  in  the  interior  of  human  giant  cells,  whereas  in  the  lower 
animaU,  in  equine  and  bovine  tubercnloeis  more  eepecially,  the  bacilli 
arc  often  pnuent  in  great  numbers,  and  very  commonly  in  the  form 
of  conspicuous  rings,  visible  nnder  a  low  power  of  the  microscope. 


ii;.  llil.-Tinnmr.mn- TiiBl.i.Mi  IN  A  VKHVK.iHc.vsr.niK,  x  iUO ;  »,  An  alvtvlu- 
n;ill;  '..  !,linKl-curiiniH.'li-«  iii  ia|iillun<-H  uf  tlifmniio;  c,  Muod-ooriHUvlHi 
<■itniviutitl4.ll  iiitii  tint  nlvtsiliir  oHvitiw;  d,  alvuolar  viipillAri«i  Sll«t  with 
bl(iiiil.ivr|>uwli«  tarriiil  furwanl  Ijy  tin-  IuIktcIi-  wlik-h  ia  growing  into  the 
alv.-olBr  vuvity !  r,  lar|f«  tiiilcithelium-Ultc  wlbs  "f  which  ths  tubercle  ia  this 
Htiige  is  iimiDl)'  toinpuuixl  ;  /,  iwrtiua  of  a  br»uoh  of  the  pulmonaTy  artery 
iiijfoteil  iJIamilixjn). 


Whether  the  absonco  of  blood- vessels  or  thi;  action  of  the  bacillus  is 
tlie  main  factor  in  producing  caseation,  is  an  open  question.  When 
suppuration  follown  caseation,  as  commonly  happens  in  tuberculosis 
oF  tlie  liingH  iu  man,  and  iit  experimental  tuberculosis  in  animals,  an 
abecest  forms.  In  cattle  there  in  a  remarkable  tendency  to  the 
formation  of  cali-areous  deposit  in  the  caseous  mosses. 

The  tubercle  may  not  degenerate  and  die,  but  live  and  develop. 


The  giant  ce  Is  wh    h  are  n    re 
(18  BenHiDg  off  procectsee    whi  1: 


es§  cen  ra    ha      been  described 
by  d     d  ng  &nd     ubd     d  ng,  and 


iuterl&cing,  form  a  reticulum,  or 
mexhwork.  Towards  the  periphery 
of  the  tubercle  the  reticulum  maj 
become  arranged  in  the  form  of  a 
capeule  as  the  age  of  the  tubercle 
advancee,  and  the  reticular  giant 
cell  becomes  eveatuolly  converted 
into  fibrous  tissue.  The  bacillutt  ha^ 
disappeared,  and  the  tubercle  has 
healed. 

Giant  cells  cannot  be  relied  upon 
to  indicate  tuberculoeia.  They  are 
not  always  present  in  tubercu- 
losis, and  they  are  not  peculiar  to 
tubercle,  being  found,  for  example, 
in  actinomycoeis.  The  only  certain 
indication  <^  tuberculosis  is  the  pre- 
sence of  the  tubercle  bacillus,  which 
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can  be  revealed  either  by  microscopical  examination  of  the  suspected 
tissue,  or  after  inoculation  in  guinea-pigs. 

Bacillus  Tubercolosifi  (Koch). — Rods,  2  to  4  /x  and  occa- 
sionally 8  fi  long,  very  thin,  and  rounded  at  the  ends.  They  are 
straight  or  curved,  and  frequently  beaded,  and  occur  singly,  in  pairs, 
or  in  bundles ;  there  are  also  involution  forms  and  short  branched 
threads.  Spore-formation  is  observed  in  old  cultures.  They  are 
non-motile.  In  the  interior  of  giant  cells  they  are  often  accompanied 
by  grains  which  exhibit  the  same  colour  reaction. 

The  bacilli  in  tissue  sections  of  bovine  tuberculosis  are  shorter 
and  less  granular  than  those  in  human  tubercular  sputum,  but  in 
milk  they  are  quite  as  long,  and  even  longer,  and  very  distinctly 
granular  or  beaded,  and  are  thus  brought  much  closer,  morpho- 
logically, to  the  bacilli  in  human  sputum.  Speaking  generally, 
however,  the  average  length  of  the  human  bacilli  is  greater  than 
the  average  length  of  the  bacilli  in  cow's  milk,  but  the  lougast  of 
the  bovine  bacilli  cannot  be  distinguished  in  length  from  the  longest 
human  bacilli.  There  are,  however,  exceptional  cases,  for  in  some 
preparations  of  pus  from  human  lungs  the  bacilli  are  remarkable, 
not  only  for  their  thinness,  and  their  uniformly  beaded  character, 
but  more  particularly  for  their  extraordinary  length.  They  should 
be  compared  with  other  preparations,  in  which  the  bacilli,  though  in 
human  sputum,  are  sometimes  much  more  distinctly  rod -shaped, 
much  shorter  and  thicker,  with  complete  absence  of  any  beaded 
appearance.  Neither  length  nor  granularity  is  a  characteristic 
suflficient  to  denote  any  specific  difference  between  human  and  })ovino 
bacilli.  The  author  has  examined  minutely  the  bacilli  in  tuberculosis 
of  other  animals,  such  as  the  horse,  pig,  and  cat;  juid  of  birds — the 
fowl,  guinea-fowl,  pheasant,  and  ostrich.  Here,  again,  minute 
morphological  differences  can  be  observed.  For  exann)le,  in  many 
cases  in  fowls  the  bacilli  are  conspicuously  short  and  straiglit  In 
the  liver  and  lungs  of  an  ostrich,  packets  of  short  roil-forms  are 
found,  while  in  other  parts  of  the  same  sections  the  l)acilli  attain 
a  very  great  length.  Many  of  the  long,  sinuous  forms  exhilnt  a 
peculiar  terminal  enlargement.  There  are  also  short  rods  with  a 
similar  appearance,  and  free  ovoid  bodias,  singly  and  in  groups,  which, 
from  their  connection  with  the  bacilli,  and  their  sharply  defined 
outline  in  the  free  state,  are  similar  to  spores  in  old  cultures. 

Thus,  morphological  differences  are  found  under  different  circuni- 
stancas,  and  within  limits  the  morphology  of  the  tul)ercle  bacillus 
varies  with  its  environment. 

Koch   first  succeeded  in  cultivatincr   th(i  bacillus  by  oniplovinir 


DESCRIPTION    OF    PLATE    XI. 
BadUvi  tabercnlofiB. 

The  figures  in  this  plate  represent  the  bacilli  of  tuberculosis  in 
diffei^ent  animals,  examined  under  the  same  conditions  of  amplifica- 
tion and  illumination,      x  1200.     Lamp-light  illumination. 

FlO.  1. — Bscilli  in  pns  from  the  wall  of  a  hoxnan  tabercnlar  cavity.  In 
this  specimen  the  bacilli  are  shorter  than  those  in  tubercular  sputum, 
and  are  very  markedly  beaded. 

Fio.  2. — Bacilli  in  pna  from  a  tnbercnlar  cavity  from  another  case  in  man. 
They  are  present  in  the  preparation  in  enormous  numbers.  The  proto- 
plasm oocnpies  almost  the  whole  of  the  sheath,  and  the  bacilli  are 
strikingly  thin  and  long. 

FlO.  S.^Bacilli  in  sputum  from  an  advanced  case  of  phthisis,  showing^ 
the  ordinaiy  appearance  of  bacilli  in  sputnm ;  some  beaded,  others 
stained  in  their  entirety ;  occurring  both  singly  and  in  pairs,  and 
in  groups  resembling  Chinese  letters. 

FlO.  4. — Bacilli  in  a  section  from  the  lung  in  a  case  of  tuberculosis  in  man. 
The  bacilli  in  human  tuberculosis  are  found  in,  and  between,  the  tissue 
cells;  and  sometimes,  as  in  equine  and  bovine  tuberculosis,  in  the 
interior  of  giant  cells,  but  not  so  commonly. 

Fig.  5. — From  a  cover-glass  preparation  of  the  deposit  in  a  sample  of  milk 
from  a  tubercular  cow.  The  bacilli  were  longer  than  the  average 
length  of  bacilli  in  bovine  tissue  sections,  and  many  were  markedly 
beaded. 

Fio.  B. — From  a  section  of  the  brain  in  a  case  of  tubercular  meningitis  in  a 
calf,  showing  a  giant  cell  containing  bacilli  with  tlie  characters  usually 
found  in  sections  of  bovine  tuberculosis. 

Fig.  7. — From  a  section  of  the  liver  of  a  pig  with  tubercle  bacilli  at  the 
margin  of  a  caseous  nodule. 

FlO.  8. — From  a  cover-glass  preparation '  of  a  crushc<l  caseous  mesenteric 
gland  from  a  rabbit  infected  by  ingestion  of  milk  from  a  cow  with 
tuberculosis  of  the  udder. 

Fio.  9. — From  a  section  of  lung  in  a  case  of  equine  tuberculosis,  showing  a 
giant  cell  crowded  with  tubercle  bacilli. 

Fio.  10. — From  a  section  of  lung  from  a  case  of  tuberculosis  in  the  cat,  with 
very  numerous  tubercle  bacilli. 

Fig,  11. — From  a  cover-glass  preparation  of  a  crushed  caseous  nodule  from 
the  liver  of  a  fowl,  with  masses  of  bacilli.  Tliese  are  for  the  most  part 
short,  straight  rods ;  but  other  form.**,  varying  from  long  rods  to  more 
granules,  are  also  found. 

Fig.  12.— From  sections  of  the  liver  and  of  the  lung  in  a  case  of  tubercu- 
losis of  a  Khea.  Isolated  bacilli  are  found,  as  well  as  bacilli  packed  in 
large  cells,  colonies  of  sinuous  bacilli,  and  very  long  forms  v\itb  tcrmiiuil 
spore-like  bodies  and  free  oval  grains. 

The  preparations  fi*om  which  these  figures  wore  dr;i>vni  were  all 
stuiLe^l  by  the  Ziehl-Neelseii  method,  with  the  exception  of  the 
first,  which  was  istaiued  by  Ehrlich's  method. 


I 


>l> 


TUBERCULaSIS.  379 

blood  serum.  Solid  blood  flerum,  witb  or  without  the  addition  of 
gelatine,  was  employed,  and  the  cultures  incubated  at  37^  C.  The 
growth  takes  place  very  slowly,  and  only  between  the  temperatures 
of  30^  C.  and  41^  0.  In  about  eight  or  ten  days  the  growth  appears 
as  little  whitish  or  yellowish  scales  and  grains. 

The  bacillus  can  also  be  cultivated  in  a  glass  capside,  on  blood 
serum,  and  the  appearances  of  the  growth  studied  under  the 
microscope.  The  scales  or  pellicles  were  described  by  Koch  as  made 
up  of  colonies  of  a  perfectly  characteristic  appearance,  which  may 
be  still  further  studied  by  making  a  cover-glass  impression.  They 
are  then  seen  to  be  composed  of  bacilli,  arranged  more  or  less 
with  their  long  axis  corresponding  with  that  of  the  colony  itself, 
and  with  an  appreciable  interval  between  the  individual  bacilli. 
The  colonies  themselves  appear  as  fine  curved  lines,  the  smallest 
being  mostly  S'^^^P^*  Longer  colonies  have  serpentine  twistings 
and  bandings,  which  often 
recall  the  curves  of  fancy 
lettering.  The  ends  of  the 
lines  run  to  sharp  points, 
but  the  middle  of  the 
growth  is  spindle-formed. 
The  youngest  colonies  are 
extremely  delicate  and 
narrow,  but  the  older 
colonies    increase  in    size, 

are  thicker  across,  and,  ^^^'o-  164.  -  Bacillus  tuberculosis,  from 
_  _      _.  .  -  .       ^,  TUBBHCULAR  SpuTUM,  X  2500.    From  Photo- 

blending  with  each  other,         naphs. 

gradually     obliterate     the 

characteristic    appearances;    a   lamellated    growth    results,    which 

increases,  and  gives  the  appearance  to  the  naked  eye  of  the  scale 

or  pellicle  already  described.      The   blood  serum   is  not  liquefied 

unless  putrefactive  bacteria  contaminate  the  culture.     A  fresh  tube 

can  be  inoculated  with  one  of  the  little  scales,  and  a  new  generation 

started.     The  scales  gradually  increase  in  size,  and  consist  entirely 

of  bacilli.     In  about  three  to  four  weeks  the  cultivation  ceases  to 

increase,  and  it  is  then  necessary  to  inoculate  a  fresh  tube. 

In  liquid  blood  serum  a  film  forms  on  the  surface  of  the  liquid, 

and  is  easily  broken  by  agitation.     In  neutralised  broth  there  is 

very  little  indication  of  success.     When  a  triturated  culture  is  added 

to-  the  broth,  a  granular,  sandy,  whitish   deposit  collects   at   the 

bottom  of  the  vessel,  with  indications  of  an  increase  in  amount. 

Koch  also  tried  nutrient  agar-agar,  which  did  not  prove  to  be  at 
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lill   A   favourable  meduitn.      Some   increaw  took   pluce,   but   thei-e 

wtm  uo  continuous  growth  over  tlie  inoculated  aren. 

Gtj/ccrine  Agar-eiffar.^-'SaoiLrd  and  Roiix  wert-  anions  those  wbo 

worked  at  the  subject  and  ninfirmed  Koch's 

olHerv»tion#.       Nrjcard    atteuijited     i<i    jjet 

i^Utiires  of  avian  tabei-citlosis  tm  bhiA  Koruiu 

to  whii'h  peptone,  siJt,  and  cane  sugar  liad 

beoQ  Added.     The  results  were  more  siicf^ss- 

ful    than    with    ordinary   sernra.       But    he 

enoounl^red  a  difficulty  in  the  rapid  drj-injr 

of  the  surface  of  the  medium,  which  renilered 

the    tubed   unfit  fur    uine.       It  occurred    tu 

Ncx^ftrd   tmd  Rome    to    obviate  this  by  (he 

addition  of  a  hygroscopic  agent,  and  acconl- 

ingly  they  added  sterilised  glywrine.     The 

reiiult.  which  far  exceeded  their  expectation, 

evidently  was  not  solely  iittiibutable  to  the 

pn'Vftition    "f    dewiccatioD.       Following    uji 
their  diKcovory,    and 

being  imxious  to  (inil      p„,      i^j     i-uiit-rUT-Ti- 
a  iiiediuni  more  easily  v\tion   in  Gi.vcumNK 

prepared   than   bloo,l  A.-.ah.auab,   «fter  to, 

aoruni,    tbey     adiled 

(i  to  K   per  cent,  of  glycerine   to   ordinary 

nutiient  ngar-agar.      The    bacillus  grew  so 

abundantly  in  this  mixture  that   a    culture 

in  fifteen  days  equalled  in  extent  a  culture 

on  bloiHl  Bprum  which  was  several  weeks  old. 

The  bacillus  was  found  to  grow  abundantly 

ill  veal   broth,  to  which  glycerine  had  been 

added   ill   the  proi>ortion  of  5  [mr  cent.,  the 

bottom  of  the  Hask  being  covereil  in  about 

thrae  weeks  with  a  flucculent  deposit,  having 

some   resemblance  to   anthrax    cultivations 

i(!7. -Pviis-cttTi-      in  iiipiid  media.      In    beef  broth,    chicken 

s   IK  Gt*c«Biira     broth,  and  in  t'ohn's   liquid,  cultures  were 

RK°  rBOK**  PrBK-      obtftined  after  the  addition  of  glycerine. 

■an  isGtrciiHiKi;-  Description  of  f'uUivatifma  on  Gli/ceritM 

iDtwomonCba.      Agar-agoii: — The  cultivations  on  the  sloping 

lurface  of  obliquely  solidifieil  glycerine  agar- 

u  from  four  to  wx  days  as  very  minuto  white   , 

1  Rize,  and  either  look  moist  and  i 


ag&r  liegin  to  appear  i 
o^oitti.    These  steadily 
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smooth,  or,  even  at  thia  early  stage,  appear  dry  and  crinkled. 
According  to  the  number  oE  bacilli  inoctdated,  the  colonies  will 
either  remiiin  isolated  or  coalesce  uiid  form  a  more  or  lesM  continoouH 
film.  If  the  imlrieHt  agar-agar  hiis  only  i-eceutly  been  prepared, 
there  i«  usually  n  ([uautity  of  Uquid  pitsent,  and  the  bacillus  forma 
a  white  coating  over  the  inoculated  area  and  beyond  it.  The 
appearances  are  much  more  characteristic  when  this  medium  if, 
comparatively  speakiug,  dry.  A  semi-transparent  nierabr)iiious 
growth  develops,  thickens,  and  assumes  a  cliaracteristic  lichenous 
appearance.  Sucii  a  culture,  examined  with  a,  pocket  len^,  reeemblex 
a  model  in  wax  in  miniature  of  the  folds  of  the  gastric  mucous 
membraue.  In  about  six  weeks  to  two  montha  the  culture  has  fully 
developed.  In  old  cultui-ea,  especially  wlien  the  individual  colonies 
remain  isolated,  the  appearance  is  very  characteristic.  Some  cul- 
tures in  appearitnoe  closely  resemble  cultivationH  on  blood  serum. 
The  consistency  of  the  growth  depends  upon  the  character  of  the 
soil  and  the  age  of  the  culture.  When  the  medinm  in  moist  the 
growth  is  moist  and  vi.tcoiis,  but  more  often  it  is  distinctly  tjiUowy, 
and  in  old  aud  dry  ciitturei^  scaly  and  friable. 

Citltiiiutionsin  Glyeet-ine  Broth. — ^In  a  few  days  minute  flakes  are 
visible,  which  steadily  increase  in  sine,  and  subside  to  the  bottom  of 
the  flask,  forming  in  time  a  very  copious  deposit.  On  Hhaking  the 
flask,  this  deposit,  which  is  extremely  tenacious,  rises  in  Gtnngy 
masses,  and  gives  an  appearance  which  is  more  or  less  character- 
istic. If  the  flask  is  left  undisturbed,  a  dehe-ate  veil-like  film  forms 
over  the  surface,  which  can  be  readily  broken  up  by  gentle  agitation, 
forming  flakes  which  gradually  sink  in  the  liquid.  If  undisturbed 
for  several  weeks  this  film  increases  in  thickness,  is  irregularly 
fissured,  aud  bos  more  the  appearance  of  masses  of  tallow  flouting 
on  the  surface.  The  growth  also  may  he  seea  to  extend  up  the  side 
of  the  flask  above  the  hijuid.  Pasteur  or  Erlemneyer  flasks  can  be 
employed  for  the-se  cultures.  Solidified  egg-albumin  added  to  the 
glyci^rine  broth  seems  to  increase  the  amount  of  growth,  wbieh 
clings  to  the  iilbumin,  and  waves  to  and  fro  in  the  liquid  when  the 
flask  is  gently  shaken.  The  author  has  confirmed  the  observation 
of  Nocard  and  Rou:f,  that  sub-cultures  from  glycerine  agar-agar,  or 
from  glycerine  broth,  will  give  cultures  in  ordinary  broth  without 
glycerine.  Ordinary  broth  with  egg-albumui,  and  without  glycerine, 
will  also  give  a  good  growth  when  inoculated  from  previous  sub 
culturett.  although  the  attempt  to  produce  primary  cultures  in  these 
media  has  hitherto  (ailed. 

CvUimUUme   in  G'li/eerine-Milk,  artd  other  Madia. — In  milk  the 
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author  found  there  was  only  a  slight  increase  in  the  number  of  bacilli 
inoculated,  but  milk  with  glycerine  in  the  pi*oportion  of  5  per  cent. 
forms  a  more  favourable  medium.  The  author  has  also  cultivated  the 
bacillus  on  sterilised  urine  and  glycerine,  and  ordinary  nutrient 
gelatine  with  5  per  cent,  of  glycerine.  On  potato  the  growth  of 
the  bacillus  is  extremely  slow.  Beevor  succeeded  in  obtaining 
cultures  at  the  ordinary  temperature  of  the  room. 

ExamintOion  of  CvUivalmia, — To  examine  the  bacilli  in  these 
various  preparations  the  author  prefers  to  use  Neelsen's  method, 
floating  the  cover-glasses  for  from  five  to  ten  minutes  on  warm 
carbolised  fuchsine,  and  passing  them  through  dilute  sulphuric  acid. 
In  some  cultures  the  bacilli  are  shorter  and  thicker  than  is  commonly 
observed  in  human  sputum,  and  they  are  for  the  most  part  without 
the  beaded  appearance.  In  old  cultures  on  glycerine  agar-agar  the 
number  of  granular  or  beaded  bacilli  increases,  and  there  are  also 
numerous  peculiar  forms.  There  are  bacilli,  sometimes  two  or 
three  times  the  length  of  an  ordinary  bacillus,  provided  with  a 
club-shaped  enlargement  at  one  or  both  extremities,  and  in  rare 
cases  with  lateral  branches.  They  are  no  doubt  identical  with  the 
bacilli  with  swollen  extremities  and  the  branched  forms  observed 
by  Nocard  and  Koux. 

In  milk  the  appearance  is  very  striking,  many  bacilli  attaining 
in  old  cultures  a  great  length,  and  all  are  more  uniformly  beaded 
than  in  any  other  cultivations.  Staining  preparations  by  the  method 
of  Gram  in  all  cases  exaggerate  this  appearance. 

The  important  part  played  by  the  environment  is  shown  by  the 
morphological  differences  observed  in  artificial  cultivation  under 
var3ring  conditions,  and  by  the  fact  that  by  successive  cultivation 
the  bacillus  can  be  educated  to  grow  upon  a  medium  which  is  un- 
suitable for  obtaining  primary  cultures. 

Impression  preparations  of   the   growth  of  the  bacillus  on  the 

surface  of  glycerine  agar-agar  in  capsules  show  a  tendency  to  the 

formation  of  serpentine  colonies,  composed  of  bundles  of  more  or 

less  parallel  bacilli. 

/'      Spore-formoition, — In  old  cultivations  true   spore-formation  can 

^   /   readily  be  observed,  both  in  stained  and  unstained  preparations.     In 

9  I    the  latter  case  they  are  recognised  in  the  form  of  one  or  two  highly 

V  refractive  bodies  in  individual  bacilli. 

Toxic  Products  of  CuUures. — ^The  poisonous  substances  found  in 
cultures,  and  the  composition  and  use  of  tuberculin,  have  already 
been  described  (p.  43). 

InoculaHon  EosperifnetUe,— A  relatively  small  portion  of  a  culti- 
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vation  inoculated  into  the  siibcutaneouB  tissue,  into  the  peritoneal 
or  pleural'  cavities,  into  the  anterior  chamber  of  the  eye,  or  directly 
into  the  blood  stream,  produces  after  three  or  more  weeks  artificial 
tuberculosis  in  guinea-pigs  and  rabbits.  Dogs  and  cats  can  also  be 
infected  by  experimental  inoculation. 

When  a  trace  of  tubercular  virus  is  inserted  subcutaneously  in 
the  thigh  of  a  guinea-pig,  in  about  a  week  or  ten  days  a  chain  of 
enlarged  glands  will  be  easily  felt  in  the  vicinity  of  the  seat  of 
inoculation.  This  affords  an  unfailing  test,  which  can  be  applied 
when  there  is  difficulty  in  ascertaining  by  the  microscope  the  presence 
of  the  bacilli  in  the  material  under  examination.  It  also  affords  a 
valuable  method  for  testing  the  effects  of  antiseptics  on  tubercular 
\4ru8.  The  appearances  observed  at  the  autopsy  are  swollen 
lymphatic  glands,  in  the  neighbourhood  of  the  inoculation,  followed 
by  softening  and  abscess  ;  enlargement  of  the  spleen  and  liver,  with 
formation  of  caseous  tubercles  ;  and  tubercular  deposits  in  the  lungs, 
bronchial  glands,  and  peritoneum. 

After  inoculation  of  the  eye,  groy  tubercles  appear  on  the  iris, 
and  undergo  enlargement  and  caseation,  followed  by  tuberculosis 
of  the  eyeball  and  organs  generally. 

The  bacilli  appear  to  be  the  direct  cause  of  tuberculosis,  and 
the  presence  of  the  bacillus  in  the  sputum  of  patients  is  a  distinctive 
sign  of  the  existence  of  this  disease.  The  detection  of  the  bacillus 
has,  consequently,  l)ecome  a  test  which  is  constantly  applied. 

The  bacilli  are  found  in  all  tubercular  growths  of  man,  monkeys, 
cattle  {Perlsucht)y  birds,  and  many  other  animals,  and  in  cases  of 
artificial  tuberculosis,  in  rabbits,  guinea-pigs,  cats,  etc.  In  man  the 
bacillus  can  be  detected  in  the  tissues,  in  the  sputum,  in  the  blood, 
and  in  the  urine. 

Tuberculosis  may  also  be  produced  by  inhalation  and  feeding 
ex[)eriments.  The  channels  of  infection  in  man  are  also  most 
probably  the  pulmonary  and  intestinal  mucous  membranes.  The 
possibility  of  inoculation  of  skin  wounds  is  open  to  doubt.  The 
bacilli  or  their  spores  are  inhaled  from  the  air,  or  taken  in  with 
food.  Morphologically  identical  bacilli  have  also  been  observed,  but 
very  sparsely,  in  sections  of  lupus. 

Methods  of  Examining  the  Tubercle  Bacillus. 

Numerous  methods  have  been  recommended  for  examining  the 
tubercle  bacillus.  A  few  of  these  will  be  described,  as  many  are 
only  of  historical  interest. 
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The  Ziehl-Neelnen  method  is  preferred  by  the  author  both  for 
sections  and  cover-glass  preparations. 

Koch's  original  method, — Cover-glass  preparations  or  sections  are  laid 
in  Koch's  solution  (No.  23,  r)  for  twenty-four  hours,  or  for  one  hour  if 
the  solution  is  warmed  to  40''  C.  Rinse  in  water  ;  immerse  in  a  watery 
solution  of  vesuvin  for  two  minutes  ;  rinse  again  in  water,  and  examine  ; 
or,  after  rinsing  in  water,  treat  with  alcohol,  clove-oil,  and  Canada 
balsam. 

EhrlicKs  method. — Cover-glass  preparations  are  allowed  to  float  in  a 
watch-glass,  containing  a  solution  of  gentian -violet  or  fuchsine,  added  to 
aniline  water.  A  saturated  alcoholic  solution  of  the  dye  is  added  till 
precipitation  commences  (10  cc.  aniline  water,  and  10  to  20  drops  of  the 
colour  solution).  The  cover-glasses  are  left  in  the  solution  for  about 
half  an  hour  ;  then  washed  for  a  few  seconds  in  strong  nitric  acid  (one 
part  commercial  nitric  acid  to  two  of  distilled  water),  and  rinsed  in 
distilled  water.  After-stain  with  vesuvin  or  methylene-blne,  rinse  in 
water,  dry  and  preserve  in  Canada  balsam. 

Ehrlich-Koch  method. 

Saturated  alcoholic  solution  of  methyl- violet  or  fuchsine    11 

Aniline  water 100 

Absolute  alcohol 10  ' 

Preparations  are  left  for  twelve  hours  in  this  solution  (colouring  of 
the  cover-glass  preparations  can  be  expedited  by  warming  the  solution). 

Treat  the  preparations  with  (1  to  3)  solution  of  nitric  acid  a  few 
seconds. 

Wash  in  alcohol  (60  per  cent.)  for  a  few  minutes  (cover-glass  prepara- 
tions need  only  be  rinsed  a  few  times).  After-stain  with  diluted  solution 
of  vesuvin  or  methylene-blue  for  a  few  minutes. 

Wash  again  in  60  per  cent,  alcohol,  dehydrate  in  absolute  alcohol. 
Clear  with  cedar-oil,  mount  in  Canada  balsam. 

Riwi/leiHch's  methftd. — Prepare  a  solution  composed  of 

Saturated  alcoholic  solution  of  fuchsine  10  drops 

Aniline  water 2  drams. 

Pour  it  into  a  watch-glass,  and  float  the  cover-glass  :  warm  the  watch- 
glass  over  a  spirit-lamp  until  steam  rises.  Remove  it  from  the  flame, 
and  set  it  aside  for  five  minutes.  Take  out  the  cover-glass,  and  transfer 
it  for  a  few  seconds  to  acidulated  alcohol  (two  drops  of  nitric  acid  in  a 
watch-glass  full  of  alcohol).  Wash  in  distilled  water,  dry,  and  preserve 
in  balsam.  After-stain,  if  necessary,  with  Bismarck-brown,  or  methylene- 
Uue. 

Gibhfg'  method.— Cover-glnss  preparations  are  placed  in  Gibbes*  double- 
staining  solution  which  has  been  warmed  in  a  test-tube,  and,  as  soon  as 
steam  rises,  poured  into  a  watch-glass.  They  are  allowed  to  remain  for 
five  minutes,  and  then  are  washed  in  methylated  spirit  till  no  more  colour 
comes  away,  dried  in  the  air  or  over  a  spirit-lamp,  and  mounted  in 
Canada  balsam.    If  the  solution  is  used  without  warming,  the  covcr-glasse:^ 

25 
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must  be  left  in  it  for  an  hoar.  Sections  are  treated  on  the  same 
principles,  but  must  be  left  in  the  solution  for  several  hours.  The 
crumpling  of  the  sections  by  the  action  of  nitric  acid  is  avoided. 

Baumgarteu's  method, — Cover-glass  preparations  of  sputum  are  made 
as  already  described,  and  immersed  in  a  very  dilate  solution  of  potash 
(1  to  2  drops  of  a  33  per  cent,  solution  of  potash  in  a  watch-glass  of  dis- 
tilled water).  The  cover-glass  is  pressed  down  on  a  slide,  and  examined 
with  a  high  power.  The  bacilli  can  be  thus  examined  in  the  unstained 
condition,  and  to  avoid  any  mistake  from  confusion  with  other  species, 
the  cover-glass  can  be  removed,  dried,  passed  through  the  flame,  and 
stained  with  a  drop  of  an  aqueous  solution  of  fuchsine,  or  gentian-violet. 
The  putrefactive  bacteria  are  stained,  but  the  tubercle  bacilli  remain 
absolutely  colourless. 

Baumgarten^H  new  method. — A  solution  is  prepared  as  follows :  Drop 
4  to  5  drops  of  concentrated  alcoholic  methyl- violet  solution  into  a  small 
watch-glass  fall  of  water,  (a)  Stain  the  sections  in  this  solution,  wash 
them  in  water,  and  decolorise  in  absolute  alcohol  (five  to  ten  minutes)  ; 
or,  before  treating  with  alcohol,  immerse  the  sections  for  five  minutes  in 
a  half- saturated  solution  of  carbonate  of  potash.  Pass  through  dove-oil, 
and  mount  in  a  mixture  of  Canada  balsam,  free  from  chloroform,  and 
clove-oil  (equal  parts).  The  object  of  this  process  is  to  differentiate  the 
tubercle  bacilli  from  chance  bacteria,  inasmuch  as  the  tubercle  bacilli 
are  gradually  decolorised  by  the  clove-oil.  (h)  Sections  stained  in  the 
above  Holution  are  placed  for  five  minutes  in  alcohol,  and  then  in  a 
concentrated  solution  of  Bismarck-brown  in  1  per  cent,  solution  of  acetic 
acid.     The  after-treatment  may  be  conducted  as  already  described. 

Zit'hl-NeeUen  viethod. — Cover-glass  preparations  may  be  qoickly  stained 
in  Neelsen's  solution  warmed  in  a  watch-glass  till  st^un  rises.  Sdotions 
are  left  for  from  five  to  ten  minutes  in  the  solution,  and  then  washed  in  a 
watery  solution  of  sulphuric  acid  (25  per  cent.),  rinsed  in  distilled  water, 
and  immersed  in  methylene-blue  solution.  After  two  or  three  minutes 
they  are  passed  through  alcohol  and  oil  of  cloves,  and  mounted  in  Canada 
balsam. 

FrdnkeVx  nuthAtd. — Sputum  preparations  are  rapidly  double-stained 
by  the  following  method  :  Prepare  a  solution  by  adding  concentrated 
alcoholic  methyl-violet  or  fuchsine  solution,  drop  by  drop,  till  opalescence 
arises,  to  5  ccm.  of  aniline-water  heated  to  100"  C.  Float  the  prepared 
cover-glasses  two  minutes  in  the  warmed  solution.  The  process  of  after- 
staining  and  decoloris!ition  is  effected  by  placing  the  preparation  for  one 
to  two  minutes  in  one  of  the  following  solutions  :  for  fuchsine-stained 
preparations,  a  saturated  solution  of  methylene-blue  in  a  mixture  of 

Alcohol 50 

Distilled  water              ....                           .30 
Nitric  acid 20 

which  is  filtered  before  use  ;  tor  prepanitions  stained  in  methyl-violet,  a 
saturated  solution  of  vesuvin  may  be  used  in 

Alcohol         .........         70 

Nitric  acid   .........         30 
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Khrlieh'a  Method  tintl  fe'oi/H.— The  author  Iias  found  that  after  sectiona 
l^ave  been  attuned  with  methyl -violet  and  Bismarck-brown  by  Ehrlich's 
method,  aa  described  iiy  Korh.  they  may  with  advHnlage  be  immersed  in 
■  wenk  alcoholic  solution  of  eoBiD,  then  rinsed  in  t^lenn  nbsolute  alcohol, 
chrifiMl  with  ulove-oil,  and  mounted  in  C&nuda  halsam.  The  giant  cella 
are  then  stained  pink,  while  their  nnclei  are  brown,  and  the  bacilli  blue. 


Tt  ueticuLOBia  in  Ma\ 

The  cliHeabB  mnnifpute  itsell  m  viirioiin  toi  m-.  id  dthi  mil  most 
freiuently  m  the  limga  producang  phthws  oi  « Uhuinptiou  The 
sputum  eoutwms  the  banlli  in  huge  numbtrs  imd  i»  extremely 
virvilpiit      Sci-ofnln  ani  lupuH  aii  formi.  of  tubeiculoaiH     thej  i 
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prolabiy  produced  by  nn  attenuated  viinpt>  of  the  tuberele  batiliua 
LiipUH  Cttii  be  (lintiiiguHheil  from  tuberciil  laia  nf  the  skin  and 
HcrofuluiiH  lymphatic  glanUe  are  Uiatuiguiahed  fi'om  tuberciilui  glandu 
by  the  tendency  of  the  liitt«r  to  produce  generalised  tuberculosu 
ThiD  (hffereoce  m  the  lutetiskty  of  the  virus  m  the  two  Lahes, 
LiDgai'd  ilJU'itrated  by  the  effect  upon  inocuirvted  guinea  pigs 

Cavities  m  the  lungh  atv  often  thiikly  hii(<d  with  bacilh  They 
anj  (iieneiit  iii  great  iiuinherh  ui  the  caseoiw  matter,  though  in 
L-qiiine  Axvl  iKiMiie  tubeitnilosis  thia  is  not  the  ciLse 

Whether  the  diseit**  m  man  is  contagious  la  an  open  quBntion, 
thiugb  numerous  tabes  of  supposed  commumcatiou  between  husband 
aud  wife    brothei-s  iiud  lusterb,  li/ivo  been  reported    anil  Ransome 
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^■^^^          On  tilt-  "tli-'r  Iiiiml.  tlie  exnerienoe  in  oonsiiinpnu'i  iKi^i'itiil; 

1  [ilitltiKM.  1 

>  <T'K«  Dot     ■ 

■ 

CO- 

<Vt> 

U       1 

^^H         JL^ 

s^_ 

« 

if       1 

^^S 

^^H 

""^ 

^^H 

^B      J^ 

^gm^ 

i^ 

H 

^K    l|P 

^HHI 

H 

^^1 

•^ips 

• 

!    ^^^H 

^^^^H^W 

^^^H^^^ 

--^ 

l^V 

"M 

«  ) 

ft 

1  1 

m 

J^^PJ 

01 

M 

^lp  ^'^ 

iJEB 

l*^«;/.-f| 

HI 

1^1 

Kii.    11.11      l-i  i.i 

li.,lv,..i.i  11.^  ,1 

l.M^il,uii»it  U,l.m,Ur  ljmi,li.(>.ll.d 

.   Hindis 

row).                  ^H 

Hiipport  this  view,  lliert-  heiiig  no  evi<lenM  of  the  coniinuniratioii  of     H 
the  diM<itt)e  tg  tiiiraee  kiuI  lioNpitnl  Attendants.                                          ^| 
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'  Cattle. 


In  cattle  the  disease  may  twcur  as  the  result  of  inhaling;  ItHcilli, 
or  of  ingestiou  with  food.  It  u  very  fre((iieutly  fouiid  iu  the  lungs; 
and  calves  miiy  be  infected  by  milk  from  cows  with  tubercular 
udders.  Calve.s  may  alwi  suffer  from  congeiiitul  tuberculo&ia,  the 
bocilh  haling  beeu  trunsmitted  from  the  mother  during  gestation. 

BreeiUug  iii-pjid-in,  over-production  of  milk,  and  confinement  with 
uisitoitary  svirrouni lings,  pi-ediepose  to  tuberculosis.     The  disease  is 
k.iown  in  Germany  as  "  Perlsucht";  and  in  this  country  the  lesions 
on  the  pleura  are  known  a.-^ 
"grapes,"    and    the    (inimiils 
themselves      are      common  h- 
called  "  wasters, "  S  _      -^  ^.^      .  ■$ 

The  disease  may  also  exist  -fr 
in  the  lungs  or  in  other  5 
organs,  in  a  limited  form,  =-^ 
without  any  indication  of  ^ 
ill  health.  In  such  caaeK  ~_l^ 
the   disease   can    be  detecteti  ^ 

by  injection  of  tuberculin,  :i 
marked  rise  of  t«mpei-atiiir 
occurring  in  tuberculiii 
animals.  J 


,    the 


symptoms  commonly  observed 
are  cough,  diflicnity  in  breath- 
ing, staring  coat,  wasting,  and 
diarrhcea ;  and  if  the  udder  is  infected,  noJules  tn  tlie  gland,  and  thin 
bluish  milk.  In  the  lungs,  aft.er  ehiughter,  a  few  small  cheesy  tuberclet* 
may  be  found  in  animals  apparently  in  peifect  heiilth  and  in  prime 
condition  for  the  market.  In  advanced  caM^s,  the  lungs  on  set^tion 
show  large  yellow  masses,  contaitiing  calcified  matter,  and  the 
bronchi  may  be  full  of  yellowish  pasty  contents.  The  iliaeaae  will  be 
found  to  involve  the  bronchia]  glands.  The  serous  membrane  may 
be  covei'e<I  with  little  wai'ts  or  grape-liks  musses.  The  lymphatic 
glands  may  be  enlarged  to  an  enormous  Hi;Ee.  Tubercular  ulceration 
of  the  intestine  is  sometimes  found,  but  not  commonly.  In  tubei-cular 
disease  in  tlie  udder,  a  painless  swelling  is  found  which  may  affect 
one  iw  more  quarters  of  the  gland. 

TransQUBBion  of  Tuberculoeis  tirom  Mas  to  Cattle.-'lt  is 
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far  obvioiu  renMtns  ini[i>K«ib1«  t<)  lUiMrtaiu  by  Bsperimcqit  whether 
tiiberciiltwn  oau  be  transmittwl  from  cowa  tji  iniiu  by  niUk  or  oUibt- 
wtse ;  btit  mime  light  may  be  thrown  upon  Ihie  im|K)rlM»t  (jnentiun 
by  iiauitrtitiniiig  the  i-eault  of  inoowlrtting  biinnos  with  hmnMi  tubw- 
niiUwiH.  If  ailves  ciui  be  infected  with  tubprciilrew  fnnn  u  hiimnn 
source  by  inut^iiktinn  oi-  iugestian  experiments,  hhiI  (Kpccinlly  if 
tlie  effect  of  ndmiuiMtn-iug  huniHii  iiud  bovine  tubwcle  to  cnlvee 
by  thdiB  nioaiiB  is  funnd  to  lie  the  winie,  such  experimetitA  will 
not  only  i*r\e  to  fli*iji'l  »ny  ilmilit  tht-re  mity  be  aw  to  the  identity 
<if  the  two  HfTectioUH,  but  tbey  will  strengthen  the  hiiiiiU  of  thow 
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who  iniiist  upon  the  uecesidty  of  moro  thnroiigh  ini*i>eedoii  of  diuTy 
cows,  mill  (if  power  to  deal  with  hibeivtiinr  niiimnlH. 

Inoniintion  of  a  Valf  teitk  Human  TufmtviUar  Sputum. — The 
author  obtaiuei]  spiititni  contAining  nnroerous  buiulli  frmn  ab 
ndvnnced  caw  of  phthiKis.  The  Epiitiim  was  nhakeu  up  with  rtin^tiMid 
salt  solution  und  iiij»clj<d  into  the  pentunaU  cavity.  A  few  w««lt« 
afterwurda  thr  rnlf  showed  ngiiH  of  illuexs.  The  Animnl  lonkod  ihill, 
did  nut  fenl  well,  had  a  iili(,'ht  cough,  anil  Khoweil  lem  inclination  to 
Btovo  aliiut  than  Msnal.  Thiwe  Hrmptoiii«  gradnallv  inrreiua-d,  and 
dnitli  iiccurnxl  forty-two  days  after  inoculation.     ExteiKBvff  hwons 
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were  discovet^  at  the  post-mortem  examination.  The  mesentory 
was  adherent  to  the  abdominal  wall,  at  the  seat  of  the  iuoculation, 
and  to  the  nimeu ;  the  liver  was  adherent  to  the  diaphragm.  Thei'c 
wa8  extensive  tubercular  deposit  at  the  seat  of  inoculation,  and 
un  abscess  the  size  of  a  walnut.  Extending  over  the  mesentery 
from  this  point  there  were  hundreds  of  wartlike,  fleshy,  new  growths, 
some  quite  irregulai'  in  form,  others  spherical  or  button-shai)e<l. 
There  were  similar  deposits  on  the  under  surface  of  the  liver,  on  the 
spleen,  in  the  ga8ti*o-splenic  omentum,  and  on  the  peritoneal  sui*face 
of  the  diaphragm.  The  spleen  was  adherent  to  the  rumen,  and 
on  dissecting  away  the  adhesions  another  abscess  was  opened.  The 
lungs  were  congested  and  the  pleune  thickened.  On  micn)scopical 
examination  of  sections  extremely  minute  tubei-cles  were  foinid  to 
be  disseminated  throughout  the  whole  of  the  substance  of  the  lungs 
and  liver,  and  tubercle  bacilli  were  found  in  these  and  in  the 
peritoneal  deposits.  Tlie  abscesses  contained  Streptococcus  pyogenes. 
The  calf  died  of  pyaemia,  but  sufficient  time  had  elapsed  for  marked 
local  infection  leading  to  generalised  miliary  tuberculosL«<. 

Tuberculosis  in  Relation  to  the  Public  Milk  Supply. 

There  is  not  the  slightest  doubt  that  when  the  udder  is  involved 
the  milk  is  highly  virulent  to  the  lower  animals,  and  presumably 
is,  therefore,  dangerous  to  man.  The  virulence  of  the  milk  was 
first  insisted  upon  by  Klencke  in  1846,  and  confirmed  by  Grerlach  in 
1869,  and  later,  by  others. 

This  subject  was  again  brought  forward  with  the  discovery  of 
the  tubercle  bacillus,  and  the  demonstration  of  its  existence  in  the 
milk  in  certain  cases  of  bovine  tuberculosis.  Koch  pointerl  out  that 
the  milk  only  contained  bacilli,  and  was  only  infective,  when  the 
udder  itself  was  tubercular.  By  this  he  explained  the  contradictory 
results  obtained  by  various  expenmenters  with  milk  from  cows  un- 
doubtedly suffering  from  "  Perlsucht."  Koch  considered  that  positive 
effects  were  obtained  with  milk  when  it  hapiwned  to  contain  tubercle 
bacilli,  and  negative  with  milk  from  which  they  were  a])sent.  Bang 
in  a  number  of  cases  verified  the  presence  of  tubei*cle  bacilli  in  milk, 
and,  owing  to  the  contradictory  i-esults  of  previous  investigations, 
repeated  the  ingestion  ex|>eriments.  TIkj  milk  wjis  fourul  to  be 
virulent  both  to  i)igs  and  rabbits. 

In  this  country  Woodhead  and  M*Fadyean  test<»d  milk  for 
tubercle  bacilli.  Tliey  examined  six  hundred  cows  in  the  Edinburgh 
dairies,  and  found  thirty-seven  suffering  from  mammitis,  but  in  only 
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six  were  they  able  to  demonstrate  the  presence  of  tubercle  bacilli  in 
the  milk,  and  then  only  in  small  numbei*s. 

Hii*schberger  found  in  twenty  cases  of  tuberculosis  in  cattle 
that  the  milk  of  eleven  was  virulent  to  guinea-pigs.  Three  cows  out 
of  nine  in  which  the  disease  was  restricted  to  the  lungs  gave  infected 
milk.  On  the  other  hand,  Nocard  inoculated  milk  from  eleven 
tuberculous  cows,  of  which  only  one  had  diseased  udder,  and  only 
this  one  gave  infective  milk.  Bang  injected  rabbits  with  milk  from 
twenty-one  cases  of  tuberculosis,  with  the  udders  apparently  normal, 
and  the  milk  was  virulent  in  two. 

The  author  had  two  cases  of  udder  tuberculosis  under  observation, 
and  as  no  experiments  had  at  the  time  been  made  in  this  country 
with  milk  known  to  contain  tubercle  bacilli,  it  was  decided  to  study 
the  effei^t  on  rabbits,  and  test  the  results  obtained  by  Bang.  These 
cases  were  both  interesting  and  instructive,  and  may  be  referred  to 
in  detail. 

One  was  a  case  of  advanced  general  tubercnlosis.  There  was  extreme 
emaciation,  general  apathy,  and  a  peculiar  dull  expression  of  connteDance. 
The  skin  was  dry  and  harsh,  the  coat  staring,  and  there  was  loss  of  hair 
in  patches  about  the  face  and  neck.  There  was  dnlness  on  percuasion 
over  a  large  area  of  the  thorax,  and  the  respirations  were  increased  in 
rapidity.  There  was  also  occasional  cough  and  some  diarrhoea.  But  the 
most  interesting  condition  was  observed  on  examination  of  the  udder. 
The  gland  was  swollen,  especially  posteriorly,  and  distinct  induration 
could  be  felt  on  examination.  The  deposit  appeared  to  be  more  or  less 
limited  to  the  posterior  ({uarters.  The  cow  evinced  no  pain  during  the 
examination  of  the  udder,  not  even  on  the  application  of  firm  pressure. 

The  author  took  samples  in  test-tubes  of  the  milk  from  all  four  teats ; 
when  freshly  drawn,  it  differed  noticeably  from  the  normal  secretion.  It 
was  a  thin,  watery,  turbid  fluid  with  whitish  flakes  in  suspension,  but  it 
was  not  gelatinous  or  muco-purulent  in  character,  and  was  free  from  any 
markedly  yellow  colour.  After  being  set  aside  in  the  laboratory  for 
some  hours  it  separated  into  a  layer  of  cream  and  a  turbid  liquid  of  a 
yellowish  tint,  while  at  the  bottom  of  the  test-tube  there  was  a  whitish 
flocculent  deposit,  especially  in  the  samples  from  the  posterior  quarters. 

There  were  tubercle  bacilli  both  in  the  cream  and  in  the  deposit.  In 
the  cream  they  were  only  present  in  small  numbers,  and  were  detected, 
therefore,  only  after  careful  search.  But  in  the  deposit  they  were  readily 
found,  as  in  a  covcr-glaas  preparation  there  were  sometimes  four  or  five 
in  the  field  of  the  microscope. 

The  method  adopted  for  the  examination  of  this  deposit  was  as 
follows  :  The  whole  of  the  liquid  in  the  test-tube  was  carefully  poured 
off,  and  a  trace  of  the  sediment  spread  out  on  a  cover-glass.  This  was 
allowed  to  dry,  and  passed  through  the  fiame,  and  stained  in  hot  Ziehl- 
Neelsen  solution  in  the  usual  manner. 


TtriiERri'LOSIS. 


I  The  other  cow  whb  also  »  at»e  of  general  tuheroiilosie,  and  presented 
neifhat  similar  tasions  of  the  uddei'.  Tbe  induration  of  (lie  gknd  wa« 
dily  detected,  and  examination  of  tho  milk  showud,  aa  in  the  preTious 

ae.  the  prcsent'e  of  tubercle  bneilli. 
It  will  bo  observed  that  in  neither  of  these  cases  was  the  disease 
limited  to  the  udder ;  in  both  the  implication  of  tbe  gland  was  part  of 


en  examination. 

I. — The  lungH  and  bronchial  glands  were  extenuvely  invaded 
niih  tiitx^rciilar  deposit.  The  glands  were  greatly  enlarged  and  deuaely 
fibi'otu.  in  many  cases  with  central,  stone-like  masses,  grating  on  section 
against  the  edge  of  the  knifes  In  the  lung  there  was  every  stage,  f, 
thi'  early  deposit  to  purulent  cavities,  cheesy  mns^aB.  and  calcified  dihrSt^ 

AU/uintii  —There  were  a  few  casenns  nodules  in  the  liver,  but  n 
ID  tho  spleen.    Tho  mesenteric  glands  formed  an  almost  continaous  oha 
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of  large  tnmonrs,  mostly  with  central  cretification.  Tabercular  deposit 
in  the  intestines  could  be  recognised  from  the  outside,  and  on  laying 
them  open  the  mucous  membrane  was  found  to  be  studded  with  tuber- 
cular ulcers.  These  ulcers  were  most  numerous  in  the  large  intestine^ 
and  varied  in  size  from  a  sixpence  to  a  florin.  Some  were  circular,  others 
slightly  irregular  in  form,  and  others  again  distinctly  oval.  In  the  latter 
case  they  were  generally  situated  with  their  long  diameter  transversely. 
The  base  of  the  ulcer  involved  the  muscular  coat,  and  was  irregularly 
radiated.  The  margin  was  broad,  and  elevated  above  the  general  sur&ce, 
producing  a  ring-like  appearance, 

Mamrimry  Gland. — The  udder  was  infiltrated  throughout  with  tuber- 
cular new  growth,  but  the  invasion  was  most  marked  in  the  posterior 
quarters.    There  was  apparently  very  little  tendency  to  caseation. 

Mici'OHcopical  Examituition  of  the  Udder, — In  order  to  study  the  hinto- 
logical  characters  of  the  gland,  and  the  distribution  of  the  bacilli,  sections 
were  stained  with  logwood  and  rubin,  and  others  again  with  fuchsine 
and  methylene- blue.  The  tubercular  new  growth  consisted  of  the  usual 
histological  elements,  round  cells,  epithelioid  cells,  and  giant  cell*. 
Healthy  lobules  here  and  there  were  sharply  marked  off  from  those  in 
which  the  growth  was  compressing  and  obliterating  the  alveoli  in  its 
progress.  BacilU  were  present  in  the  g^ant  cells,  and  also  distributed  in 
vast  numbers  throughout  the  tubercular  tissue  generally.  Bacilli  were 
foand  in  epithelioid  cells  close  to  the  alveolus,  and  also  between  the  cells 
lining  the  alveoli.  In  parts  also  the  new  growth  had  involved  the  milk 
ducts,  and  therefore  it  was  easy  to  account  for  the  presence  of  the  bacilli 
in  the  milk. 

The  bacilli  were  found  in  considerable  numbers  alto  in  sections  of  the 
intestinal  ulcers. 

Experimental  Infection  of  Rabbits. 

Ingestion. — A  rabbit  received  the  contents  of  a  test-tube  which 
had  been  filled  with  milk  fix)m  one  of  the  pasterior  teats,  mixed  with 
a  small  (juantity  of  bran.  In  four  weeks  there  was  commencing 
emaciation  ;  later,  diarrhoea  set  in,  and  death  occurred  exactly  fifty- 
eight  days  after  administration  of  the  milk.  At  the  post-mortem 
examination  the  mesenteric  glands  were  found  to  be  much  enlarged 
and  castouK.  A  cover-glass  preparation  from  a  crushed  gland 
revealed  numerous  tubercle  bacilli.  On  opening  the  intestines  there 
was  a  patch  of  ulceration,  showing  the  point  of  access  of  the  bacilli. 
The  intestinal  ulceration  was  a  reproduction,  to  a  certain  extent,  of 
the  condition  in  the  cow  which  had  been  the  source  of  the  virus. 

Subcutaneous  Injection. — A  second  rabbit  was  injected  under  the 
skin  of  the  back  by  means  of  a  capillary  pipette  with  alx>ut  ten 
drops  of  milk,  including  some  of  the  dejKwit  from  the  bottom  of  the 
test-tube.     The  sample  of  milk  had  in  this  case  also  been  taken  froni 


DESCRIPTION    OF    PLATE    XII. 
Tnbercnlar  Kammitis. 

Fio.  1.— From  a  section  of  the  udder  of  a  milch  cow.  The  tubercular  deposit 
is  seen  to  invade  the  lobules  of  the  gland.  Lobules  comparatively  healthy 
are  marked  off,  more  or  less  sharply,  from  the  diseased  ones  in  which  the 
new  growth  in  its  progress  compresses  and  obliterates  the  alveoli.  Stained 
by  the  Ziehl-Neelsen  method  and  with  methylene-blue.     x  50. 

Fio.  2. — Part  of  the  same  preparation.  On  the  right  of  the  section  part  of  a 
healthy  lobule  is  seen.  On  the  left  a  lobule  is  invaded  by  tubercular  new 
growth  composed  of  round  cells,  epithelioid  cells  and  typical  giant  cells. 
Tubercle  bacilli  can  be  seen  both  singly  and  collected  in  groups.  They 
are  found  in  and  between  the  cells,  and  in  the  interior  of  giant  cells. 
Bacilli  may  be  seen  between  the  cells  lining  an  alveolus  and  projecting 
into  its  lumen,      x  800. 
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one  of  the  posterior  teats.  The  rabbit  was  placed  Id  a  separate 
hutch,  and  death  from  general  tuberculosis  occurred  ninety-two  days 
After  iuoculatioa. 

The  diaphragm  and  mesentery  were  studded  with  tubercles  the 
size  of  a  pin's  bead.  The  kidneys  superficially  showed  whitish 
rounded  nodules  projecting  above  the  surface.  These  were  found 
on  section  to  be  continuous,  with  wedge-shaped  depa^jits  in  the  sub- 
stance of  the  kidney.  The  lunge  presented  a  very  striking  appear- 
ance, being,  in  short,  a  mass  of  tubercular  deposit;  and  the  bronchial 
and  tracheal  glands  were  similarly  affected.  In  sections  of  the 
kidney  and  lung  the  bacilli  were  present,  but  they  were  diatribiited 
irregularly ;  in  one  part  of  a  section  it  wns  difficult  to  detect  a 
fiingle  bacillus,  in  other  parts  they  were  present  in  large  numbers 

The  milk  from  the  two  cows, 
previously  to  their  coming  under 
observation,  had  been  mixed  with 
the  general  supply  of  a  dairy.  There 
is  indeed  ample  evidence  that,  both 
in  this  and  in  other  countries,  the 
milk  of  tuberculous  animals  finds  its 
way  into  the  market.  The  question 
which  naturally  arises  is  the  possi- 
bility of  any  manifestation  of  tuber- 
culosis in  man,  arising  from  the 
consumption  of  unboiled  milk  con- 
taining tubercle  bacilli.  We  must 
admit  that  there  is  no  direct 
evidence  of  the  transmission  of 
tuberculosis  by  milk  from  cow  to 
man ;  but  this  may  arise  from  the  difficulty  in  tracing  such  a 
scarce  of  infection,  owing  to  the  long  time  which  elapses  before 
symptoms  manifest  themselves  in  man.  Yet,  if  milk  be  a  source  of 
infection,  we  should  naturally  expect  that  primary  tuberculosis  of  the 
intestine  would  be  by  no  means  an  uncommon  manifestation  of  the 
disease;  and  this  in  the  adult  is  not  in  accordance  with  cliniciil 
experience.  Such  an  argument  would  tend  to  contra -indicate 
danger  to  adults ;  but,  on  the  other  hand,  the  possible  danger  to 
children  has  been  rightly  insisted  upon  by  the  earliest  writers  on 
this  subject.  Woodhead  has  recently  stated  that,  from  his  experi- 
ence in  two  large  hospitals,  he  has  been  much  struck  by  the  fiict 
that,  in  children  who  bad  died  from  other  diseases  during  the  course 
of  tubercular  disease  of  the  abdominal  glands,  there  was  frequently 
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not  any  trace  of  tubercular  diseuae  in  other  partnj  thiu  poiDting  to 
the  intestine  an  the  channel  by  which  the  badllua  made  ite  way  into 
the  body.     Woodhead  also  remarks  that  in  a  large  DumbOT  of  casea 


Flu.  1 


It  Ll'NUI 


•um  a  iihiiliigniph  uf  thu  Imign  'it  a  rabbit  which  hnd  Wn  injft^  iiib- 
outanmniBly  with  almut  K-n  drojis  of  milk,  including  in  Hiispensiun  a  small 
(|u;intity  of  tlii'  ikiHKut  at  tht^  1x>ttuni  of  a  aample  uf  milk  from  a  cow  with 
tulMniiliwiH  of  till-  iiililer.  Ih'^kth  ocnurrcd  from  general  tuberculoeii)  ninety-two 
ilnyH  afterwanlH.  Tlic  a|)|H!amiiui.'  of  the  lungs  was  very  striking.  They  weie 
almost  ci)ni|ili-l«1)'  aimiiuHHl  of  tulvrcular  dcpusU.  The  bronchial  glanda, 
as  well  as  the  Iraclii'al,  of  wliicb  ime  in  seen  in  the  [Autograph,  were  alau 
i^nlargeil  and  casnnis.  There  were  toberciilar  depmilti  in  the  kidneys  and 
other  orgaiiH.  and  alttu  at  the  seat  of  inoculation. 


of  general  tubcrculoKiH,  where   the  possibility  of  infection  by   the 
pulmonary  pasHugPS  wa»  e\iUentIy  eiiciludfd,  the  tubercular  prociM 
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appeared  to  have  invaded  the  body  by  the  intestinal  canal.  These 
facts,  taken  in  connection  with  the  occasional  existence  of  tubercle 
bacilli  in  milk,  went  far  to  prove,  in  his  opinion,  that  milk  was  a 
source  of  tubercular  infection,  especially  to  young  children. 

From   his  own  experiments   and   observations   the   author  has 
drawn  the  following  conclusions  : — 

1.  Cows  with  tuberculosis  of  the  udder  are  to  be  found  in  dairies 

in  this  country. 

2.  The  milk  of  these  cows  is,  as  a  rule,  mixed  with  the  general 

supply. 

3.  The  milk   in   cases  of   udder   tuberculosis  contains   tubercle 

bacilh. 

4.  Rabbits  inoculated  with,  or  fed  upon,  milk  containing  tubercle 

bacilli  contract  tuberculosis. 

5.  Direct  evidence  of  transmission  of  tuberculosis  by  milk  to  man  is 

wanting,  but  from  the  effect  of  such  milk  on  the  lower  animals 
it  is  reasonable  to  conclude,  in  the  present  state  of  our  know- 
ledge, that  there  may  be  danger  in  using  the  milk  of  cows 
with  tubercular  udders,  and  therefore  strict  inspection  of 
dairies  should  be  enforced  ;  and  boiling  of  milk  befoi-e 
use  will,  as  a  rule,  be  a  wise,  if  not  absolutely  a  necessary 
precaution. 

Bollinger  has  shown  that  the  virulence  of  cow's  milk  is  reduced 
by  dilution  with  water  in  the  proportion  of  1  in  40  and  even  of 
1  in  100,  and  that  therefore  there  would  be  much  less  danger 
in  consuming  tubercular  milk  which  had  been  mixed  with  the 
milk  of  healthy  cows,  than  there  would  be  in  taking  it  direct 
from  the  infected  cow.  This  is  a  matter  of  scientific  interest ;  but 
it  would  be  no  justification  for  a  dairyman  to  mix  the  milk  of  a 
tubercular  cow  with  milk  of  cows  known  to  be  healthy.  The  milk 
of  cows  suffering  from  tuberculosis  should  undoubtedly  be  rejected. 


Tuberculosis  and  the  Public  Meat  Supply. 

The  question  of  the  advisability  of  allowing  the  flesh  of  tuber- 
cular animals  to  be  sold  for  food,  especially  when  the  disease  exists 
in  a  very  small  degree,  is  a  vexed  one.  Numerous  experiments 
have  been  made  upon  the  infecti\dty  of  the  flesh  of  tubercular 
animals.  Kastner  inoculated  the  juice  expre&sed  from  the  flash  of 
tubercular  cows.     Sixteen  guinea-pigs  were  unaffected  after  injection 


398  INFECTIVE   DISEASES. 

of  1  to  2  cc.  into  the  peritoneal  cavity.  Nocard  injected  ten  to 
twenty  drops  of  the  muscle  juice  of  the  hearts  of  tubercular  cattle,  in 
which  the  disease  was  well  marked,  and  none  of  the  guinea-pigs  were 
infected.  With  juice  of  the  muscles  of  the  thigh  derived  from  ten 
tubercular  cows  Nocard  inoculated  forty  guinea-pigs,  and  one  only 
showed  signs  of  tubercle.  Nocard  concluded  that  if  there  was  any 
danger  in  the  flesh  of  tuberculous  animals,  it  was  the  exception  and 
not  the  rule.  On  the  other  hand,  Chauveau  and  Arloing  produced 
tuberculosis  in  two  guinea-pigs  out  of  ten  inoculated  with  muscle 
juice  from  a  tubercular  steer. 

In  1890  a  Koyal  Commission  was  appointed  to  investigate  this 
subject,  and  the  report  was  issued  in  1895.  Martin,  on  behalf  of 
the  Commission,  tested  the  flesh  of  twenty -one  tubercular  cows.  In 
two  cases  only  was  evidence  obtained  of  the  presence  of  the  bacillus 
by  inoculation  of  guinea-pigs.  The  flesh  of  eight  cows  affected  with 
mild  tuberculosis  produced  tubercle  in  one  instance  by  inoculation, 
but  the  ingestion  experiments  were  negative.  The  flesh  of  five  cows 
severely  affected  with  tubercle  gave  the  disease  in  four  cases,  either 
by  feeding  or  inoculation,  but  only  one  gave  the  disease  both  ways. 
Martin  thought  that  some  of  the  results  were  due  to  the  butcher 
infecting  the  meat  in  the  process  of  dressing  the  carcase,  either  by 
his  hands  or  knives.  Woodhead  made  a  series  of  experiments  to  test 
the  effects  of  roasting  and  boiling  on  the  tubercular  virus  in  meat. 
It  was  found  that  in  boiling  and  roasting  experiments,  as  ordinarily 
carried  out  in  the  kitchen,  the  temperature,  however  high  it  may  be 
on  the  surface,  seldom  reaches  60°  C.  in  the  centre,  except  in  the 
case  of  joints  less  than  about  six  i)ounds  in  weight.  Boiling  and 
roasting  were  found  insutlicient  to  destroy  tubercular  virus  enveloped 
in  rolls  of  meat. 

The  following  were  among  the  conclusions  of  the  Commissioners  :  — 

We  have  obtained  ample  evidence  that  food  derived  from  tuberculous 
animals  can  produce  tuberculosis  in  healthy  animals.  The  proportion  of 
animals  contracting  tuberculosis  after  experimental  use  of  such  food  is 
different  in  one  and  another  class  of  animals ;  both  camivora  and 
herbivora  are  susceptible,  and  the  proportion  is  high  in  pigs.  In  the 
absence  of  direct  experiments  on  human  subjects,  we  infer  that  man  also 
can  acquire  tuberculosis,  by  feeding  upon  materials  derived  from  tuber- 
culous food-animals. 

The  actual  amount  of  tuberculous  disease  among  certain  classes  of 
food-animals  is  so  large  as  to  afford  to  man  frequent  occasions  for 
contracting  tuberculous  disease  through  his  food.  As  to  the  proportion 
of  tuberculosis  acquired  by  man,  through  his  food  or  through  other  means, 
we  can  form  no  definite  opinion,  but  we  think  it  probable   that  an 
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appreciable  part  of  the  tuberculosis  that  affects  man  is  obtained  through 
bis  food. 

The  circumstances  and  conditions  with  regard  to  the  tuberculosis  in 
the  food-animal  which  lead  to  the  production  of  tubercalosis  in  man  are, 
ultimately,  the  presence  of  active  tuberculous  matter  in  the  food  taken 
from  the  animtd,  and  consumed  by  the  man  in  a  raw  or  insufficiently 
cooked  state. 

Tuberculous  disease  is  observed  most  frequently  in  cattle  and  in 
swine.  It  is  found  far  more  frequently  in  cattle  (full  grown)  than  in 
calves;  and  with  much  greater  frequency  in  cows  kept  in  town  cow- 
houses than  in  cattle  bred  for  the  express  purpose  of  slaughter.  Tuber- 
culous matter  is  but  seldom  found  in  the  meat  substance  of  the  carcase  ;  it 
is  principally  found  in  the  organs,  membranes,  and  glands.  There  is 
reason  to  believe  that  tuberculous  matter,  when  present  in  meat  sold  to 
the  pubUc,  is  more  commonly  due  to  the  contamination  of  the  surface 
of  the  meat  with  material  derived  from  other  diseased  parts,  than  to 
disease  of  the  meat  itself.  The  same  matter  is  found  in  the  milk  of  cows 
when  the  udder  has  become  invaded  by  tuberculous  disease,  and  seldom 
or  never  when  the  udder  is  not  diseased.  Tuberculous  matter  in  milk  is 
exceptionally  active  in  its  operation  upon  animals  fed  either  with  the 
milk  or  with  the  dairy  produce  derived  from  it.  No  doubt  the  largest 
part  of  the  tuberculosis  which  man  obtains  through  his  food  is  by  means 
of  milk  containing  tuberculous  matter. 

Provided  every  part  that  is  the  seat  of  tuberculous  matter  can  be 
avoided  and  destroyed,  and  provided  care  be  taken  to  save  from  contami- 
nation by  such  matter  the  actual  meat  substance  of  a  tuberculous 
animal,  a  great  deal  of  meat  from  animals  affected  by  tuberculosis  may 
be  eaten  without  risk  to  the  consumer. 

Ordinary  processes  of  cooking  applied  to  meat  which  has  got  con- 
taminated on  its  surface  are  probably  sufficient  to  destroy  the  harmful 
qnality.  They  would  not  avail  to  render  wholesome  any  piece  of  meat 
that  contained  tuberculous  matter  in  its  deeper  parts.     In  regard  to  milk 

are  aware  of  the  preference  by  English  people  for  drinking  cow's  milk 

r — a  practice  attended  by  danger,  on  account  of  possible  contamination 
by  pathogenic  organisms.  The  boiling  of  milk,  even  for  a  moment,  would 
probably  be  sufficient  to  remove  the  very  dangerous  quality  of  tuber- 
culoiu  milk. 


TUBERCULOI^IS    IN    EqUINES. 

Tuberculofiis  w  not  very  common  in  the  horse,  but  when  it  does 
occur,  it  is  frequently  mistaken  for  glandei's.  There  may  be  miliary 
tuberculoeLA  in  the  lungs,  or  nodules  disseminated  throughout  the 
lungK,  liver^  spleen,  and  bones.  In  a  number  of  cases  investigated 
by  Nocard,  the  disease  commenced  in  the  abdominal  organs,  and 
the  affection  of  the  lungs  appeared  to  be  secondary.  The  author 
has  examined  several  cases  of  equine  tuberculosis.     In  some  cases 
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the  lungs  were  a£Pected  with  the  disease  in  a  miliary  form.  The 
bacilli  could  not  be  distinguished  from  bacilli  in  sections  of  the  bovine 
disease.  Giant  cells  were  extraordinarily  numerous,  and  in  many 
cases  were  densely  packed  with  bacilli,  so  that  they  could  be  recog- 
nised en  masse  under  a  low  power.  The  bacilli  were  also  distributed 
in  the  tissue  generally,  but  were  mucb  more  numerous  in  the  giant 
cells. 

TUBBBOULOSIB  IN   DoGS. 

Peters  described  a  case  of  tuberculosis  in  a  pet  dog,  from  eating 
sputum  from  a  tubercular  patient.  This  is  said  to  be  a  not 
uncommon  cause  of  canine  tuberculosis. 

TUBEBCULOBIS  IN   CaTS. 

Nocard  reported  a  case  of  tuberculosis  in  a  cat  from  eating  tuber- 
cular sputum.  The  abdonunal  organs  were  diseased.  Bollinger 
has  described  two  cases  of  miliary  tuberculosiA.  M'Fadyean  also  has 
described  a  case.  The  bacilli  are  very  plentiful  in  the  lung.  A 
minute  examination  of  the  individual  micro-organisms  by  the  author 
did  not  reveal  any  distinctive  character. 

Tuberculosis  in  Swine. 

The  author  examined  the  tubercular  liver  of  a  pig.  The  pig 
was  about  six  months  old,  and  after  siiflFtaing  from  cough  and 
emaciation,  died. 

The  liver  had  caseous  nodules  scattered  throughout  its  substjiiico, 
some  the  size  of  a  pea,  and  others  larger.  Tubercle  bacilli  without 
distinctive  characters  were  found  on  examination  of  sections;  ])ut 
it  was  in  some  parts  of  a  preparation  difficult  to  detect  any  bacilli, 
and  in  other  pai-ts  thei*e  were  not  more  than  five  or  six  in  tlu; 
field  of  the  microscope.  Tuberculosis  in  swine  is  said  to  be  \  ery 
rare  in  America. 

Tuberculosis  in  Birds. 

Hens,  guinea-fowls,  turkeys,  pheasants,  and  partndgt  s,  are  sub- 
ject to  tuberculosis,  and  ostriches  and  other  birds  kept  in  confinement 
may  contract  the  disease. 

Tuberculosis  in  fowls  appears  to  l>e  intHxluced  princii>ally  with 
the  food,  the  disease  occurring  commonly  in  the  intestines  and 
liver. 


DESCRIFnON    OF    MATE;:  XIII. 
Taberenlodt  la  Swine. 

Section  of  liver  of  »  pig  wltli  aoattered  tabcsonlar  nodnlei.     Hicroecopica 
tectfon*  of  tlie  Uver  Bhowed  tnlwcalB  bacilli  in  very  small  &mnb«ii. 


■:^^P^^^f^?^V 


!>RWBIFnON    OF    KATK^Xril 

TKtantkiii  ill  SwliM. 

■  .-.1  :  rjWitltWrilBlBwiy  amall  nnnitu  i 
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Tho  author  has  examined  several  cases  of  so-called  spontaneous 
tuberculosis  in  fowls.  Sections  of  the  liver  were  in  one  case  remark- 
able on  account  of  the  extraordinary  invasion  of  the  caseous  deposits 
with  bacilli.  Cover-glass  preparations  had  been  made  from  the 
liver  in  the  following  way  for  diagnostic  purposes  :  A  tubercle  was 
readily  picked  out  on  the  point  of  a  scalpel  and  crushed  between  two 
slides,  and  the  cover-glass  preparations  stained  with  the  Ziehl- 
Neelsen  solution.  The  bacilli  are  for  the  most  part  very  small.  A 
few  attain  a  considerable  length,  but  the  majority  are  in  the  form 
of  small,  straight  rods,  with  many  sizes  intervening  between  these 
rods  and  isolated  gi*anules. 

In  July  1888  the  author  received  from  Mr.  Bland  Sutton  the 
liver  and  lungs  of  a  Rhea,  which  had  died  in  the  Zoological  Gardens. 
The  lung  was  infiltrated  with  caseous  deposits,  and  there  were 
scattered  caseous  nodules  in  the  liver  varying  in  size  from  a  pea 
to  a  marble.  The  naked-eye  appearance  of  a  section  of  the  liver 
through  these  nodules,  at  once  recalled  to  mind  the  naked-eye 
appearance  of  the  depasits  in  the  pig's  liver  already  described.  But 
whereas  in  microscopical  preparations  of  the  pig's  liver,  bacilli  were 
very  scantily  present,  the  sections  of  the  lung  and  liver  of  the  Bhea 
contained  bacilli  in  such  extraordinary  numbers  that,  under  a  power 
of  fifty  diameters,  the  collections  of  bacilli  could  be  recognised  as  red 
granular  masses.  These  red  masses  under  a  high  power  were  re- 
solved into  dense  colonies  of  bacilli.  In  their  number  and  their 
distribution  in  the  tissues,  in  their  varying  size,  and  in  the  extra- 
ordinary length  of  the  longest  forms,  they  presented  very  interesting 
points  for  observation.  From  the  naked-eye  appearance  of  the 
disease  and  the  general  microscopical  characters,  as  well  as  the 
presence  of  bacilli  agreeing  in  their  staining  reactions  mth  the 
classical  tubercle  bacilli,  the  author  had  no  hesitation  in  pronouncing 
the  disease  to  be  a\ian  tuberculosis. 

Klein,  who  had  examined  a  similar  case,  alluded  to  it  in  a 
description  of  leprosy;  but  this  disease  is  unknown  in  the  lower 
animals,  and  all  attempts  to  infect  them  from  man  have  been 
almost,  if  not  entirely,  negative. 

The  bacilli  in  the  Khea  are  principally  collected  in  the  caseous 
parts,  but  they  are  also  found  in  the  tissue  generally,  and  often 
collecteil  in  large  cells.  In  size  they  vary  to  a  marked  extent.  In 
the  cells  they  often  form  compact  masses  of  short  bacilU,  but  in 
other  parts,  both  in  collections  and  singly,  they  attain  a  greater 
length  than  is  observed  in  any  other  form  of  tuberculosis.  Some  of 
the  bacilli  pi^esent  a  very  interesting  ap|)earance.     They  are  proWded 
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terminally  with  a  sharply  defined  ovoid  body.  There  ai^e  also 
collections  of  short  bacilli,  many  with  these  spore-like  appearances. 
The  author  has  also  seen  free  ovoid  forms,  sometimes  singly,  some- 
times in  groups.  From  their  connection  with  the  bacilli  and  their 
sharply  defined  outline  they  are  very  suggestive  of  spores. 

Johne  examined  the  livers  of  a  number  of  fowls  accidentally 
infected  by  phthisical  sputum.  Nocard  repoi*ted  an  outbreak  in 
a  ppultry-yard  where  the  man  in  charge  had  consumption.  He 
also  found  the  disease  amongst  fowls  fed  with  the  infected  organs 
of  tubercular  cattle.  Subcutaneous  inoculation,  and  feeding  of  fowls 
with  sputum  or  bovine  virus,  will  produce  the  disease. 

Experimental  inoculation  of  tubercular  virus  from  different 
sources  affords  an  illustration  of  the  different  pathogenic  effects 
obtained  by  varieties  of  the  same  species  of  bacillus.  The  bacillus 
of  fowl-tuberculosis  is  a  distinct  variety.  A  very  small  proportion 
of  guinea-pigs,  inoculated  in  the  peritoneal  cavity  with  fowl- tubercle, 
succumb  to  the  disease,  though  so  susceptible  to  the  effects  of  human 
or  bovine  virus.  Maffucci  maintains  that  guinea-pigs  have  an 
immunity,  and  that  rabbits  rarely  develop  a  generalised  tuberculosis. 
Cultures  are  not  identical  in  appearance  with  those  obtained  from 
man,  and  on  microscopical  examination  show  many  long,  thick,  and 
branched  forms,  which  are  only  rarely  found  in  cultures  from  a 
human  source. 

Stamping-out  System.— In  1888  a  Departmental  Committee 
was  appointed  to  inquire  into  pleuro-pneumonia  and  tulierculosis, 
and  they  considered  that  legislation  ought  to  be  directed  n(jt  only 
to  the  protection  of  cattle  from  tuberculosis,  but  also  to  jirevent 
the  possibility  of  the  disease  Ijeing  communicated  to  man. 

The  following  extracts  are  from  the  recommendations  of  the 
Committee,  which  were  made  on  the  lines  of:  — 

A.  Prevention. 

B.  Extirpation. 

A, — Preventive  Mea>iurei<. 

These  should  include  provision  for  : — 

Improved  hygiene  of  cattle  sheds^  etc.  (especially  in  the  direction  of 
providing  proper  ventilation,  pure  water  supply,  and  adequate  disinfection 
of  stalls,  etc.,  wherein  tubercular  animals  have  been  kept).  This  has 
been  partly  met  in  the  Dairy  and  Milk  Shops  Order,  but  its  administra- 
tion by  the  local  health  authorities  is  at  present  imperfect  ;  and  we  would 
suggest  that  it  should  be  much  more  stringently  enforced,  and  that 
veterinary  inspectors  should  be  given  more  extended  powers  of  entry  into 
all  places  where  animals  are  kept. 
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Improvement  in  the  hygienic  surroundings  of  animals  should  include 
isolation  of  all  suspected  cages,  precautions  against  the  flesli  or  milk  of 
diseased  animals  lieing  given  as  food  to  others — f.y.,  to  pigs,  fowls,  etc. — 
and  care  that  fodder,  litter,  and  water  should  not  be  taken  from  one 
animal  or  stall  and  given  to  another. 

Our  attention  biisi  been  dnwn  to  the  frequency  with  which  animals, 
obviously  disea«ed,  sometimes  even  in  the  last  stage  of  the  malady,  are 
sold  in  open  market. 

Although  in  England  and  Ireland,  under  the  provisions  of  the 
Nuisances  Removal  Act  as  embodied  in  the  Public  Bealth  Act,  1^85. 
the  medical  oCGcer  of  health  or  inspector  of  nuisances  mny  seiie  such 
animals,  yet  sucb  seiiure  is  rarely  performed. 

We  find  the  veterinary  inspector  has  no  power  to  prevent  such  sales, 
or  to  seize  the  beasts  for  slaughter,  since  tuberculosis  is  not  included  in 
the  Contagious  Diseases  (Animals)  Act  of  1^78. 

We  further  find  that  there  is  actually  a  regular  trade  in  such  stock 
infected  with  tuberculosis,  and  that  they  go  by  the  name  of  "  wasters  " 
and  "  mincers,"  being  frequently  slaughtered  in  the  neighbourhood  of  the 
larger  toums,  to  which  such  portions  of  the  meat  as  are  likely  to  escape 
the  observation  of  the  inspector  of  nuisances  are  sent,  for  the  purposes 
of  sale  among  tbe  poorer  inhabitants,  and  especially  for  the  making  of 
sausages. 

We  are,  therefore,  very  strongly  of  opinion  that  power  should  be  given 
to  the  veterinary  inspector  to  seize  all  Buch  animals  in  fairs,  markets,  or 
in  transit. 

Notwithstanding  the  uniform  prevalence  of  tbe  disease  in  Europe  and 
elsewhere,  there  seems  to  be  no  reason  to  apprehend  that,  with  our 
present  regulations  for  the  slaughter  of  animals  at  the  port  of  debarka- 
tion, and  for  quarantine  of  those  imported  for  breeding,  there  is  any 
special  danger  of  increasing  the  infection  in  England  by  introduction 
from  abroad.  The  danger,  however,  exists  in  regard  to  the  stock  brought 
from  countries,  which  are  exempt  from  slaughter  on  landing,  and  sub- 
jected to  the  ordinary  veterinary  inspection  during  tbe  present  period  of 
detention  of  twelve  houni. 

It  is,  therefore,  evident  that  the  present  rules  for  the  prevention  of 
the  introduction  of  disease  into  the  United  Kingdom  from  abroad,  are 
incomplete. 

Siuoe  all  authorities  are  agreed  that  the  disease  is  very  marked  by 
heredity,  we  think  it  fiighly  desirable  that  breeders  should  in  their  own, 
as  well  as  in  the  pubhc  interest,  discontinue  breeding  from  tuberculous 

'R.-^K.rlirpalioH. 

In  order  to  insure  the  gradual  extirpation  of  tuberculosis,  we  are  of 
opinion  that  it  shonld  be  included  in  the  Contagious  Diseases  (Animals) 
Acts  for  the  purposes  of  certain  sections  of  those  Acta,  so  as  to  provide  :^ 

(a)  For  the  slaughter  of  diseused  animals,  when  found  diseased  on 
the  owner's  premises. 
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(h)  For  the  payment  of  compeiuation  for  the  slaughter  of   such 
animals. 

(c)  For  the  seizure  and  slaughter  of  diseased  animals  exposed  in  fairs, 

markets,  eta,  and  during  transit. 

(d)  For  the  seizure  and  slaughter  of  diseased  foreign  animals  at  the 

place  of  landing  in  this  country. 

Notification  of  this  disease  should  not  be  compulsory,  because  it  may 
exist  without  developing  any  sufificient  outward  evidence  to  enable  the 
owner  to  detect  it,  and  its  gi'owth  is  so  slow,  that  non-notification  of  its 
existence,  even  in  a  large  number  of  cases,  would  do  little  to  nullify  the 
stamping-out  effect  of  the  Act  of  1878. 

The  powers  and  responsibilities  of  inspectors  in  ordering  the  slaughter 
of  diseased  animals  should  be  the  same  for  tuberculosis  as  for  pleuro- 
pneumonia, according  to  section  51  (5)  of  the  Act  of  1878. 

Further,  tubercle,  though  hereditary,  is  nevertheless  much  less  conta- 
gious than  the  other  diseases  included  under  the  Act  of  1878,  and  it  is 
clear,  therefore,  that  the  immediate  slaughter  of  diseased  animals  would 
go  far  to  stamp  it  out,  though,  doubtless  owing  to  heredity,  this  stamping- 
out  process  would  be  gradual  in  its  effect. 

A  supplementary  report  was  made  by  Professor  Horsley,  in 
which  he  expressed  the  opinion  that  there  ought  to  be  legislation 
to  prevent  breeding  from  diseased  animals,  and  compulsory  notifi- 
cation : — 

1.  Breedhig. 

Tuberculosis  is  notorious,  even  among  the  laity,  as  a  disease  which  is 
transmitted  from  parent  to  offspring.  This  is  a  fact  with  which  cattle 
breeders  are  Hpecially  familiar,  and  which  finds  strong  expression  in  the 
evidence  attached  to  this  report.  Further,  this  generally  received  truth 
has  been  completely  confirmed  by  the  results  of  scientific  investigation, 
as  is  also  duly  set  forth  in  the  report.  Considering,  therefore,  the 
extreme  importance  of  this  point,  I  think  that  the  act  of  wittingly  breed- 
ing from  animals  so  affected  should  be  made  an  indictable  offence.  The 
only  objection  that  can  be  raised  to  such  legislation,  which  if  effected 
would  prevent  the  dissemination  of  the  disease  among  cattle  in  this 
country,  is  that,  owing  to  the  present  state  of  want  of  knowledge  among 
cattle  owners,  and  even  veterinary  surgeons,  of  the  early  symptoms,  and 
physical  signs  on  examination,  of  this  disease,  prosecutions  would  occa- 
sionally occur  in  cases  in  which  no  fault  could  properly  be  attributed  to 
the  owner,  and  that,  therefore,  such  prosecutions  would  be  needlessly 
vexatious. 

Considering,  however,  the  extreme  rarity  with  which  such  cases  would 
occur,  and  that,  as  in  the  matter  of  non-notification,  each  case  would  be 
tried  before  district  magistrates  on  its  own  merits,  this  objection  is 
deprived  of  the  force  it  might  have  possessed. 
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2.  Notification  of  the  Existence  of  the  DUease. 

This  point  requires  no  explanation,  since  it  is  clear  that,  unless  the 
▼eterinary  inspectors  or  authorities  receive  information  of  occurrence  of 
diseases,  it  is  impossible  to  ensure  the  thorough  carrying  out  of  the 
provisions  of  the  Contagious  Diseases  (Animals)  Act. 

That  deliberate  non-notiiication  should  be  punished  cannot  be  doubted 
by  any  one.  Objection,  however,  to  legislation  in  this  direction  has  been 
put  forward,  on  the  same  grounds  as  those  upon  which  the  prevention  of 
breeding  from  diseased  animals  was  contested.  As,  however,  I  consider 
that  these  objections  have  been  already  shown  to  have  no  weight,  I 
recommend  that  both  the  forbiddance  of  breeding  from  diseased  animals, 
and  the  notification  of  the  disease,  should  be  included  in  any  legislation 
for  tuberculosis. 

The  difficulty  referred  to  by  the  Committee,  is  presented  by 
cases  of  the  disease  which  cannot  be  detected  by  the  ordinary 
methods  of  examination,  and  might  possibly  be  overcome  by  the 
use  of  tuberculin  as  a  diagnostic  agent. 


CHAPTER  XXIX. 

LEPROSY. — SYPHILIS. — RHINOSCLEROMA. — ^TRACHOMA. 

Leprosy. 

Leprosy  occurrf  in  three  forms — tubercular,  ansosthetic,  and  mixed 
tubercular.  It  may  be  classed  with  the  grauulomata,  as  the  most 
common  form  of  the  disease  is  characterised  by  deposits  in  the  skin, 
mucous  membrane,  and  internal  organs.  Tliese  deposits  are  composed 
of  small  cells,  and  large  cells  resembling  giant  colls.  The  cells 
become  deposited  in  the  suiTounding  tissues,  and  so  the  tubercle 
enlarges,  involving  the  epidermis  and  ileveloping  into  an  ulcerating 
sore ;  or,  after  a  certain  stage  of  development,  beginning  to  decline, 
and  finally  leaving  a  puffy  discoloration.  In  the  anaesthetic  form 
the  cells  invade  the  connective  tissue  of  nerves.  In  the  mixed 
form  the  vaiieties  occur  together,  but  the  tubercular  character 
pretlominates. 

Tubercular  loprasy  commences  with  the  development  of  an 
erythematous  patch,  which  becomes  infiltrated,  and  finally  tubercu- 
lated,  the  tubercles  varying  in  size  fi*om  a  millet  seed  to  a  marble, 
or  even  larger.  The  eruption  on  the  head  and  face  pi*oduces  a 
characteristic  leonine  expression.  Th(?  j)rogress  of  the  disease  is  very 
slow.  After  death  the  following  changes  may  be  found  in  the 
inti*rnal  organs  :  Cirrluxsis  of  the  liver  and  spleen,  enlargement  of 
the  lymphatic  glands,  and  a  ccnulition  of  the  lungs  corresj)onding 
to  cheesy  ])r()nchial  pneumonia. 

In  the  anaesthetic  form  j)atches  develop  on  the  skin,  which 
become  anaesthetic ;  ulceration  follows,  and  the  fingers  and  toes,  or 
the  entire  hand  and  foot,  may  slough  off. 

Ilie  disease  is  undoubtedly  communicable,  but  the  infecti>'ity  is 
of  a  veiy  low  type. 

The  infectiousness  is  illustrated  by  the  well-known  case  of  Father 
Dami(»n.  Arning  inoculated  a  man  named  Keanu,  a  condemned 
criminal,  and  leprasy  developed  three  years  afterwards,  but  this  case 
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is  not  i*egarded  as  conclusive,  as  the  man  had  a  family  history  of 
leprosy.  The  disease  has  never  been  known  to  spread  from  patients 
in  this  country,  who  have  contracted  the  disease  abroad. 

The  bacUli  of  leprosy  were  first  observed  by  Hansen  in  1874,  and 
subsequently  fully  described  by  him,  and  his  observations  confirmed 
by  Neisser,  in  1879. 

BacillUB  LeprSB. — Eods  5  to  6  /x  in  length  and  1  /x  in  breadth. 
The  bacilli  are  straight  or  curved,  resembling  very  closely  the 
tubercle  badllL  They  are  present  in  the  leprous  tubercles  of  the 
skin  and  mucous  membrane,  in  the  lymphatic  glands,  and  in  the 
liver,  testicles,  and  kidney-;  and  in  the  nerves  in  the  anaesthetic 
variety.  They  are  found  between  the  c^lls,  and  in  colonies  in  the 
ceUs.  They  stain  readily  with  the  aniline  dyes,  especially  by  the 
Ziehl-Neelsen  and  Gram's  methods.  The  bacilli  are  found  in  extra- 
ordinary numbers  in  the  skin,  and  they  are  rather  straightcr  than 
tubercle  bacilli,  and  stain  more  readily. 

Numerous  unsuccessful  attempts  to  cultivate  the  bacillus  have 
been  made  by  many  bacteriologists.  The  author  has  made  repeated 
inocidations  upon  glycerine-agar,  upon  which  the  tubercle  bacillus 
grew  abundantly,  but  always  with  disap|x>intiug  i*esults.  On  the 
other  hand,  Bordoni-TJffreduzzi  showed  the  author  a  cultivation 
which  he  had  obtained  from  the  bone  mari-ow  of  a  leper.  The 
eoltivation  was  made  on  blood  serum  and  glycerine,  and  cover- 
glass  preparations  resisted  decoloi*isation  with  acid.  Thei*e  were 
slight  morphological  differences  when  compared  with  the  appear- 
ance of  bacillus  leprae  in  the  tissuas,  and  the  results  were  hardly 
conclusive. 

The  English  Leprosy  Commission  also  reported  successfid  cultiva- 
tion of  the  leprosy  bacillus.  The  author  had  the  oi)ix)rtunity  of 
examining  one  of  the  first  cultures  i*eceived  in  this  country,  and 
found  that  the  bacilli  stained  deeply  in  ordinary  cover-glass  pre- 
parations, they  did  not  resist  decolorisation  by  the  Ziehl-Neelsen 
method,  and  they  corresponded  in  culture  with  one  of  the  varieties 
of  Badllus  subtilis,  commonly  found  on  the  skin. 

Inoculation  of  animals  has  given  e({ually  unsatisfactory  results. 
Numerous  experiments  have  been  made  by  Beaven  Rake  on  small 
animals  and  birds,  with  invariably  negative  residts.  The  blood  of 
leprous  patients,  tubercles  from  the  living  subject,  fragments  of  the 
skin  and  of  the  internal  organs  after  death,  have  been  inoculated  by 
different  observers  without  result.  Meicher  and  Ortmann  alone  claim 
to  have  produced  really  definite  results.  These  observei-s  excised 
leprous  tubercles  fi'om  the  living  subject,  and  inoculated  fragments 
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in  the  anterior  chamber  of  the  eye  of  rabbits.  The  animals  died 
after  some  months  with  extensive  deposits  in  the  coecum,  lymphatic 
glands,  spleen,  and  lungs. 

These  tubercles  varied  in  size  from  a  pin's  head  to  a  millet  seed, 
and  contained  bacilli,  resembling  leprosy  bacilli  in  theii'  staining 
reactions.  The  question  naturally  arises  whether  the  lesions  were 
really  indicative  of  leprosy  or  tuberculosis.  Until  the  experi- 
ments are  independently  confirmed,  and  the  result  of  inoculation 
differentiated  from  tuberculosis,  it  would  be  rash  to  accept  these 
experiments  as  conclusive. 

It  has  been  suggested  that  tuberculosis  and  leprosy  are  identical. 
There  is  a  similarity  in  the  bacilli  and  in  the  lesions  of  leprosy  and 
tuberculosis,  the  injection  of  tubercuUn  produces  a  i^eaction  in  leprosy 
nodules,  and  many  lepers  die  from  tubercular  disease  of  the  lung. 
But  while  tuberculosis  is  very  readily  transmitted  to  guinea-pigs 
and  rabbits  by  inoculation  of  fragments  of  tubercular  tissue,  leprosy 
is  inoculable,  if  at  all,  in  most  exceptional  instances.  The  bacilli 
of  tubercle  are  cultivated  with  the  greatest  facility,  the  bacilli  of 
leprosy,  if  at  all,  only  with  exceptional  difficidty;  tubercle  bacilli 
are  found  in  giant  cells,  leprosy  bacilli  in  the  so-called  leprosy 
cells.  Leprosy  bacilli  are  straighter  than  human  tubercle  bacilli, 
and  differ  slightly  in  their  behaviour  to  staining  reagents.  On 
the  other  hand,  the  morphological  differences  are  not  greater  than 
those  existing  between  different  forms  of  tubercle  bacilli  obtained 
from  tuberculosis  in  animals  and  birds.  It  would  be  premature 
to  regard  leprosy  as  a  variety  of  tubercle  until  cultivations  of 
the  bacillus  have  been  obtaine<l,  and  carefully  compared  with 
thase  of  the  tubercle  bacillus.  Differences  in  niorphologital  details 
and  results  of  inoculation  would  then  carry  less  weight  as  a  means 
of  differentiation. 

The  tubercular  pneumonia  of  lej>ers  would  be  regarded,  if  the 
bacilli  are  identical,  as  a  development  of  leprosy  in  the  lungs,  and 
nt)t,  as  at  present,  a  result  of  double  infection  with  tuberculosis. 

Methods  of  Examining  tue  Bacillus  of  Leprosy. 

Cover-glass  preparations  may  be  made  in  the  ordinary  way,  or  by  a 
special  method,  which  consists  in  clamping  a  nodule  with  a  pile  clamp 
until  a  state  of  anaemia  of  the  tissue  is  produced.  On  pricking  with  ii 
needle  or  sharp  knife  a  drop  of  clear  liquid  exudes,  from  which  cover- 
glass  preparations  may  be  made,  and  stained  by  Neelsen's  method. 

For  sections  the  author  prefers  Neelsen's  method  and  methylene-blue. 
They  can  also  be  stained  by  Gram's  method,  which,  as  a  rule,  brings  out 
very  clearly  the  beaded  appearance  of  the  bacilli. 


' 


DESCRIPTION    OF    PLATE    XIV. 
BacflluB  Lepra. 

Fio.  1. — ^From  a  section  of  the  skin  of  &  leper.  The  section  is,  almost  in 
its  entirety,  stained  red,  and,  with  modente  amplification,  has  a  finely 
giannlar  appeaxance.  Stained  by  the  Ziehl-Neelsen  method  (carbolised 
fnchsine  and  methylene-blue).     m  200. 

Fio.  2. — Part  of  the  same  preparation  with  high  amplification,  showing  that 
the  appearanoes  described  above  are  due  entirely  to  an  invasion  of  tlic 
tissue  by  the  bacilli  of  leprosy,     x  1500 . 
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Method  o/Babh. — Preparations  are  stained  in  rosaniline  hydrocblorate 
in  aniline  water,  decolorised  in  33  per  cent,  hydrochloric  acid,  and  after- 
stained  with  methylene-blue. 

Stamping-out  System. — The  history  of  leprosy  in  the  British 
Islands  during  the  Middle  Ages,  and  the  conditions  under  which  it 
both  increased  and  declined,  have  been  discussed  by  several  writers. 
A  largo  number  of  institutions  of  a  charitable  and  ecclesiastical 
character  wei-e  established  in  endemic  areas  and  were  occupied  by 
the  lepers  either  voluntarily,  or  compulsorily  by  means  of  the  Act 
De  leproso  amovendo.  These  institutions  were  to  a  very  small  extent 
a  means  of  segregation.  According  to  Dr.  Newman  the  disease, 
which  had  reached  its  zenith  about  the  twelfth  or  thirteenth  century, 
began  to  decline  from  that  time  owing  to  "  a  general  and  extensive 
social  improvement  in  the  life  of  the  j>eople,  to  a  complete  change 
in  the  poor  and  insufficient  diet  (which  it  is  evident  consisted  far 
too  largely  of  bad  meat,  salt,  putrid  and  dried  fish,  and  an  almast 
entire  lack  of  vegetables)  and  to  agricultural  advancement,  improved 
sanitation  and  land  drainage."  Of  all  the  unfavourable  conditions 
it  would  appear  that  food  in  some  way  was  especially  associated  with 
the  cause  of  the  disease,  either  by  introducing  the  bacillus  or  by 
rendering  the  tissues  a  suitable  soil  for  its  reception  and  development. 

In  other  countries  segregation  has  been  attempted  voluntarily 
or  compulsorily,  but  it  has  never  been  completely  carried  out.  There 
can  be  very  little  doubt  that  the  presence  of  a  leper  in  a  healtliy 
community  is  no  greater  source  of  danger  than  the  presence  of 
an  individual  suffering  from  tuberculosis,  but,  for  other  reasons, 
voluntary  isolation  should  be  carried  out  as  completely  as  local 
circumstances  will  permit. 

The  Leprosy  Commission  in  India  i^ecommended — 

(«)  That  the  sale  of  articles  of  food  and  drink  by  lepers  should 
be  prohibited,  and  that  lepers  should  be  prevented  from 
following  certain  specified  occupations. 

(6)  That  the  concentration  of  lepers  in  toA\Tis  should  l)e  discouraged. 

(c)  That  Leper  Asylums  should  be  established  in  which  lepers 

might  live  voluntarily. 

(d)  That  Leper  Farms   scattered   over   the   country  should   })e 

encouraged, 
(c)  That  the  few  children  who   are  born  of   lepers  should    ]>e 
removed  to  Orphanages. 

They  concluded  that  by  means  of   improved  sanitation  and   good 
dietetic  conditions.a  diminution  of  leprosy  will  j-esult. 


IKFECriVE   DISEASES. 


S,rpliilL-4  u  >i  diaeaee  peculiar  to  man,  imd  commttnicable  only  by 

inociilntion.     The  local  infection  i^  folli)we<t  by  a  period  of  latency, 

and  by  a  period  during  which  generalised  eruptione  appear.     One 

attack  confers  immunity  from  future  attacks.     TLe  riruB  in  ite 

moHt  vindent  form  iit  found  in  tlie  primary  seat  of  inoculation,  and 

in     the    indurated    glands    which 

®  ^     ^^S,      f'^'li^^-      It   is  ^^  supposed  to  )>e 

'Si)   %      present  in  the  blood  and  secretions. 

(9        .  I.  -'^      Liifltgarten,  Eve  and  lingard  have 

^\  ■S\''^l      ^°^^'^  bacteria  which  they  beheved 

6J«ii*,l»  Ba<iiUuBlnSsrphmB(L«i>tgM- 

.r,  .«.  •#:*»&     ten).-Bod.  rcembling  the   l«cim 

of  leprosy  and  tuberculotiiH,  3  to  4  /t 
a'chan^^'x      'ong-    "8   ^   thick.      Two    or    more 
1050  (LuHTOABTKx).  colourleBs,  ovoid  points  in  the  counte 

of  the  rod  are  visible  with   a  high 
power ;    it  is  thought  that  possibly  they  are    sporcB.      The  bticilli 
are   iitways  found   in    the  interior  of   nucleated   cells,  which    are 
mora     tlian     double    the     Hi7.e     of 
leucocytes.      They    have    been   oh- 
served    in     the    iliscliarge    of    the 
primary    lesion,     and     in    tertiary 
giimmata. 

Alvarez,  and  Tiivel  state  that 
an  iili'ntical  Iwcillus  is  found  in 
niirma]  Kccii'tioiis  (smegma).  Eve 
and  Linganl  iiavt'  descrilMwl  a  bacil- 
lus assiiciatiil  with  Ki>ocifie  lesions, 
which  diifoi-s  fi-om  the  above  in  il« 
nioiiiliology  an<l  Iwhaviour  towaiils 
.staiuin^i  reiifjeiit-i. 

Me'iimiKi  or  Htaimno  the  Bacillus  uf  Syphilis. 

Mflhoi/  n/  /.it~l;iail-ii  ;— 

Sections  ore  jilnced  for  twelve  to  twenty-four  hours  in  the  following 
Mulution,  at  the  ordinary  temperature  of  the  room,  nnd  finally  the  solution 
is  warmed  for  two  hours  at  (Ml'  U. : — 

Concentnited  alcoholic  solution  of  gentian- violet      .  11 

Aniline  water    .        .  lOO 
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The  sections  are  then  placed  for  a  few  minutes  in  absolute  alcohol, 
and  from  this  transferred  to  a  1*5  per  cent,  solution  of  permanganate  of 
potash.  After  ten  minutes  they  are  immersed  for  a  moment  in  a  pure 
concentrated  solution  of  sulphurous  acid.  If  the  section  is  not  completely 
decolorised,  immersion  in  the  alcohol  and  in  the  acid  bath  must  be 
repeated  three  or  four  times.  The  sections  are  finally  dehydrated  with 
absolute  alcohol,  cleared  with  clove-oil,  and  mounted  in  Canada  balsam. 

By  this  method  the  bacillus  is  distinguished  from  many  bacteria,  but 
not  ^m  the  bacilli  of  tubercle  and  leprosy  which  are  stained  by  this 
process. 

Method  of  De  Giacomi : — 

Cover-glass  preparations  are  stained  with  hot  solution  of  fuchsine 
containing  a  few  drops  of  perchloride  of  iron.  They  are  then  decolorised 
in  strong  perchloride  of  iron,  and  after-stained  with  vesuvin  or  Bismarck- 
brown. 

Method  of  Dmitrelej)ont  and  Schiitz : — 

Sections  are  stained  in  a  weak  aqueous  solution  of  gentian- violet  and 
after-stained  with  safraniu. 

The  nature  of  the  contagium  in  syphilis  is  unknown. 

Protective  Inoculation. — Inoculation  of  the  virus,  or  syphilisu' 
Hon,  Jis  a  protective  measure,  was  at  one  time  practistKi  and  strongly 
advocated ;  but  it  is  rightly  regauled  in  this  country  as  dangei-ous 
and  unjustifiable.  From  the  experiments  of  Ricord  it  would  appear 
that  the  local  results  in  the  vesicular  stage  resemble  the  results  of 
the  inoculation  of  virulent  vaccinogenic  grease  or  horse- pox.  The 
iuoculation  goes  through  the  stages  of  papule,  vesicle,  ulcer,  scab, 
and  scar.  The  accidental  inoculation  which  occurs  in  cases  of 
vaccino-syphilis  may  so  closely  resemble  the  results  of  inoculation 
with  very  \'irulent  cow-pox,  that  it  Ls  sometimes  difficult  to  decide 
as  to  the  exact  nature  of  these  cases. 

BniNOSCLEKOMA. 

RhinoAcleroma  is  a  rare  disease,  resemhliiig  lupus,  and  pro- 
ducing in  the  nostrils  and  neighl)ouring  parts  nodular  swellingi^, 
composed  of  granulation-tissue.  The  disease  is  met  with  in 
America,  Egypt,  Austria,  and  Italy.  There  are  no  giant  cells,  l>ut 
peculiar  large  cells,  which  were  first  described  by  Mikulicz.  Frisch 
discovered  bacteria  in  sections,  and  Cornil  and  Alvarez  poinUnl  out 
the  existence  of  a  capsule.  In  morphology  and  cultivation  they 
resemble,  according  to  Dittrich,  Fried  lander's  prieumococcus.  They 
are  probably  identical  with  this  micro-organism,  and  Paltauf  and 
Eiselsberg,  and  others,  found  that  they  produced  septica^uiia  in  rabbits 
and  guinea-pigs. 

Bacterium  of  Rhinoscleroma  {Bacillm  of  RhinoscWama, 
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Coriiil  and  Alvarez). — Cocci  and  »hort  rods,  1*5  to  3  fx  in  length. 
•5  to  '8  ft  thick.  Deeply  coloured  points  or  granules  may  occur 
in  the  course  of  the  rods  when  stained,  but  it  is  very  doubtful 
whether  these  can  be  considered  as  spores.  The  bacteria  ai'e  eii- 
capsuled,  the  capsule  being  round  when  enclosing  a  coccus,  and 
ovoid  when  enclosing  a  rod.  The  ca[)sule  is  composed  of  a  tough 
resisting  substance;  two  or  more  capsules  may  unite  by  fusion, 
enclosing  two,  three,  or  a  greater  number  of  rods.  The  bacilli  were 
observeil  in  sections  of  the  tumours,  which  develoi^ed  on  the  lip:^ 
and  in  the  nasal  and  pharyngo-laryngejil  regions. 

Method  of  Staining  tue  Bacillus  of  Rhino- Scleroma. 

Method  of  Cornil  ami  A  Ivarez  : — 

Sections  are  immersed  in  a  solution  of  methyl- violet  (B)  for  twenty- 
four  to  forty-eight  hours,  with  or  without  the  addition  of  aniline- water  ; 
and  are  then  decolorised  after  treatment  with  the  solution  of  iodine  in 
iodide  of  potassium.  If  the  sections  are  left  to  decolorise  in  alcohol  for 
forty-eight  hours,  the  capsule  is  rendered  visible. 

Trachoma. 

Trachoma  is  a  disejise  of  the  conjunctiva,  common  in  Egypt. 
The  new  growth  is  comj)osed  of  round  cells,  and  may  be  regarded, 
according  to  Kartulis,  as  the  chronic  stage  of  either  gonoiThoeal  or 
Egyptian  ophthalmia.  Koch  failed  to  find  any  micro-organisms 
in  tlie  swollen  lymph  follicles.  Sattler  asserted  that  hie  had  culti- 
vated a  micr(x;(wcus  which  produced  the  disease  when  inoculated 
on  the  conjunctiva.  Otlior  observers  have  found  the  common 
pyogenic  micrococci  in  the  secretions,  especially  Staphylococcus 
pyogenes  aureus  and  albus. 


CHAPTER  XXX. 

ACTINOMYCOSIS.— MADURA   DISEASE. 

Actinomycosis. 

Actinomycosis  belongs  to  the  class  of  infective  granulomata.  It  is 
a  chronic  inflammatory  affection  characterised  by  the  pressence  of  a 
special  microphyte,  which  by  irritation  produces  a  neoplasm;  composed 
of  round  cells,  epithelioid  cells,  giant  cells,  and  fibrous  tissue.  These 
neoplasms  form  nodular  tumours  of  various  sizes.  In  some  cases 
there  is  a  tendency  to  develop  very  large  tumours,  and  in  others  to 
break  down  early  and  suppurate.  In  cattle,  cretification  takes 
place  in  the  fungus  tufts.  Actinomycosis  closely  resembles  tuber- 
culosis in  its  histological  characters.  The  disease  attacks  man, 
horses,  cattle,  and  pigs. 

Many  interesting  observations  have  been  made  ujx)n  the  origin 
of  this  disease  in  man.  Two  cases  have  been  recorded  in  support  of 
the  theory  of  direct  infection  from  the  cow.  Stelzner  described  a 
case  of  actinomycosis  in  a  man  who  had  had  tlie  care  of  animals, 
some  of  which  had  suppurating  glands.  Hacker  had  a  Ciuse  of 
actinomycosis  of  the  tongue  in  a  man  who  had  charge  of  cows,  one 
of  which  had  a  tumour  of  the  jaw  which  he  had  opened.  On  the 
other  hand,  Moosbrugger  found  that  out  of  75  cases,  54  were  in  men, 
and  21  in  women,  including  2  children.  In  11  of  these  men  the 
occupation  was  not  stated.  In  33  their  occupation  did  not  bring 
them  into  contact  with  diseased  animals ;  they  were,  for  example, 
millers,  glaziers,  tailors,  shop  people,  and  students.  Only  10  cases 
occurred  among  farmers,  peasants,  and  farm-labourers,  and  in  only 
one  case  out  of  the  10,  had  the  patient  been  brought  into  contact 
with  diseased  animals. 

Out  of  the  21  women,  there  were  only  4  peasants,  and  none 
of  them  had  been  associated  with  diseased  cattle. 

Infection  by  the  flesh  of  disejised  animals  has  also  been  dis- 
«ti8eed.     But  there  is  no  evidence  of   prevalence   of   the   disease 
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among  slaughterers  and  butchers,  who  would  be  particularly  liable 
to  it,  if  flesh  were  a  source  of  infection.  The  chances  of  infection 
by  ingestion  are  minimised  by  the  flesh  being  almost  always  cooked. 
Actinomycosis  occurs  also  in  pigs,  and  pork  is  very  often  eaten  in  an 
uncooked  state ;  but  Israel  has  pointed  out  that  this  may  probably 
be  excluded,  as  many  of  the  cases  occurred  among  strict  Jews. 

The  evidence  points  to  the  disease  originating  in  man  and  lower 
animals  from  the  same  source,  and  there  is  a  very  strong  suspicion 
attached  to  cereals.  This  view  is  supported  by  important  obser- 
vations, with  reference  to  the  part  played  by  cereals  in  inducing 
the  disease  in  cattle,  and  it  gains  additional  support  from  a  case 
described  by  Soltmann,  where  the  disease  resulted  from  an  awn  of 
wall  barley.  A  boy,  aged  eleven,  accidentally  swallowed  an  awn 
of  Hordeuni  viurinum.  He  became  very  ill,  and  suffered  great  pain 
behind  the  sternum,  extending  to  the  back.  An  abscess  formed^ 
covering  an  area  extending  over  six  intercostal  spaces,  and  when 
opened,  the  awn  of  this  grass  was  found  in  the  evacuated  pus. 
The  pain,  however,  continued,  and  fresh  deposits  occurred,  and  when 
the  boy  was  taken  to  the  hospital,  the  ray-fungus  was  detected. 
Possibly  the  6|)ores  of  the  fungus  can  be  conveyed  both  by  air  and 
water. 

This  disease  in  cattle  has  long  been  known  in  this  country,  but 
its  various  manifestations  were  either  mistaken  for  other  diseanes, 
or  simply  received  jwpular  names.  Indeed,  the  various  forms  are 
still  familiar  to  many  as  wens,  clyers  or  crewels,  scrofulous,  tuber- 
cular or  strumous  abscesses,  polypus,  lymphoma,  cancer  of  the 
tongue,  scirrhous  tongue,  indurated  tongue,  ulcerated  tongue,  cancer 
of  bone,  bone  tubercle,  osteo-sjircoma,  fibroplastic  degeneration  of 
bone,  spina  ventosa,  and  carcinoma.  • 

Bovine  antinomycosis  is  asj)ecially  prevalent  in  river  valleys, 
marshes,  and  on  land  reclaimed  from  the  sea.  The  disease  occurs 
at  all  times  of  the  year,  but  general  exjierience  leads  to  the  belief 
that  it  occurs  more  commonly  in  the  winter. 

It  is  more  frec^uently  met  with  in  young  animals,  and  usually 
occurs  between  one  and  three  years,  but  it  may  be  found  at  almost 
any  age,  and  probably  aflTects  equally  both  sexes. 

There  is  little  if  any  evidence  to  show  that  the  disease  is  bereili- 
tary.  In  numerous  cases,  the  family  history  has  been  most  carefully 
inciuired  into  by  the  author ;  and  in  the  case  of  some  importer! 
jHxligiee  animals,  the  disease  was  quite  unknown  on  the  farm  where 
they  had  been  bivd. 

The  tongue  is  so  commonly  the  seat  of  the  disease,  that  suspicion 
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at  once  falls  on  food  as  the  means  by  which  tlie  parasite  is  conveyed. 
Skin  wounds  produced  by  rubbing  against  the  mangei*s,  post8,  or 
wire  fencing,  may  also  become  infected. 

The  evidence  is  very  strong  in  favour  of  believing  that  the  micro- 
organism gains  access  to  the  system  through  wounds  or  lacerations 
of  the  mucous  membrane  and  skin,  or  through  carious  teeth.  It 
has  been  pointed  out  that  the  common  occurrence  of  the  disease 
at  the  time  of  the  second  dentition  may  be  owing  to  the  wounds 
produced  in  the  alveolar  mucous  membrane  by  the  shedding  of 
the  teeth.  Experience  also  points  to  straw  being  sometimes  a 
factor  in  the  production  of  the  disease,  and  it  is  possible  that  thistles 
and  frozen  roots  also,  by  wounding  the  mucous  membrane,  may 
afford  a  way  for  the  entrance  of  the  micro-organism.  The  disease 
in  the  jaws,  both  in  man  and  in  cattle,  is  very  commonly  associated 
with  carious  teeth. 

The  cowsheds,  pastures,  and  drinking  tanks  may  become  infected 
with  the  discharges  from  diseased  animals.  The  discharge  con- 
taminates the  fodder  in  the  sheds,  and  falls  on  thistles  and  siliceous 
grasses  in  the  pasture,  which  may  first  wound,  and  then  introduce 
the  micro-organism.  The  discharge  is  also  coughed  out  of  the 
mouth,  and  expelled  from  the  nose,  in  cases  in  which  a  tumour  in 
the  pharynx,  or  the  najsal  chambers,  has  undergone  suppuration. 

Jensen  beheved  that  the  disease  was  produced  by  different  kinds 
of  grain,  especially  when  cultivated  on  ground  i*eclaimed  from  the 
sea.  He  mentions  an  instance  of  a  farm,  where  nearly  the  whole 
of  the  young  stock,  about  thirty  in  number,  had  actinomycosis  after 
feeding  on  mixed  forage,  grown  on  a  certain  field.  Two  years  after- 
wards the  same  disease  occurred  in  the  same  stalls  in  four  animals, 
after  being  fed  on  barley-straw  from  the  same  field.  According  to 
Jensen,  the  fungus  grows  on  grain,  husks,  and  straw  of  different 
cereals,  but  most  abundantly  on  barley,  which  Ls  also  the  most 
likely  to  wound  the  mucous  membrane.  Johne's  observations  tend 
to  corroborate  this  view,  for  in  twenty-two  out  of  twenty-four  cases 
in  which  he  found  barley  sticking  in  the  tonsils  of  pigs,  he  found 
the  beard  thickly  beset  with  a  fungus  very  similar  to,  if  not  identical 
with,  the  ray-fungus.  These  observations  are  of  great  intei*est  in 
connection  with  Soltmann's  case. 

Experience  points  to  the  behef  that  the  disease  is  not  readily 
communicable  from  animal  to  animal,  and  it  is  possible  that  when 
it  affects  a  large  number  of  cattle  in  a  herd,  the  same  causes  have 
been  acting  to  produce  the  disease  in  a  number,  which  in  another 
instance  may  only  pi*oduce  it  in  one.     At  the  same  time,  isolated 
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oisos  iiitj  iM)s.sibly  not  ({iiite  so  common  as  tliey  are  reported  to  l»e. 
It  is  w(»ll  known  tliat,  as  a  rule,  the  services  of  a  veterinary  surge<m 
4ire  not  calksl  for  except  in  lioi)eless  or  very  severe  cases.  The 
cowmen  tliemselves,  in  many  clLstricts,  treat  the  cows  8U0C€>ssfiilly, 
and  tlien  s<>n(l  tlieni  into  tlie  market,  niul  thiLs  the  existenc«^  of 
previous  cas(»s  may  not  liave  come  U)  the  knowledge  of  the  veterinai-y 
surgeon. 

//istorlcal, — In  1845  Pi^ofessor  von  Langenlx^ck,  of  Kiel,  made 
notes  of  a  case  of  vei*tebral  caries  in  ii  man,  and  ])i'epared  drawings 
of  jKH^uliar  IkmHins  in  the  pus  fi*om  an  al)8ces8.  The  drawiugH  were 
])ublished  together  with  a  rofenaicc  to  the  cuHe  by  InraSl  in  187S. 
Ill  en*  can  1h3  little  douht  that  these  struct  uri^s  were  the  fungi  of 
actinomycosis.  ]{ut  the  ili*st  to  publish  observatiou8  was  Lebert 
in  1848. 

Lebert  received  from  M.  J^)uis  some  pus,  of  a  thick,  almost 
gelatinous  consistency,  which  had  l>eon  obtained  fi*om  an  abHce^s  of 
the  thoracic  wall  in  a  man  agtnl  iifty.  The  {mtient  had  been  attacked 
four  months  previously  by  a  pulnumary  nifection,  which  was 
sus]KH>tiHl  by  M.  JA)uis  to  be  canct^rous  in  natui*e.  Tlie  pus  contained 
a  vk^ry  considerable  lunnber  of  little  spherical  Ixxlies  of  a  alightly 
gnHMiish-y(>lIow  colour,  about  the  sixe  of  a  |iin*A  head.  They 
could  ]h}  readily  ciushcd  U'twi^en  two  stn]N4  of  glaiNs  and  ou 
examination  with  a  power  of  Iifty  diamt>tei's  two  elements  could  be 
distinguish(Ml :  a  soft  (;oiui(H:tiv(;  sul)stjince,  and  many  hard,  narrow, 
wrd;r(>-shapeil  corpuscles,  arrangiMl  in  a  radiating  maunei*.  Under 
a  high  jMiwcr  these  bodies  wen*  oliserviHl  to  be  -^f^  to  j\j  of  an  inch 
in  lengtli,  .^l^  in  width  at  the  l)iise,  and  .J^  in  width  at  the 
apex.  S»nie  nf  these  cnr])uscles  were  regular,  while  others  showed 
i)\w.  or  two  constrict  ions,  with  intermethato  llask-sha[»ed  swellings. 
Lel»ert  tested  tln-se  stnu'tures  with  reagents,  with  the  following 
i-esults.  Tlie  b<Mlii*s  were  found  to  remain  unalt4.n*ed  by  conci*ntrated 
minei'al  aci«ls.  Acetic  acid  fn-tMl  tht»m  fi*om  foreign  ek*ments 
adhering  to  tlieir  surface.  S<»Iution  of  caustic  iK>tasli  ditl  not  utfi*ct 
them  if  used  cold,  but  a  ]H)iling  solution  ivduced  the  cum^form 
structui-es  to  a  fln<'  greyish  jKiwder  without  dissolving  them.  Ether, 
alcohol,  and  chlor«)fonn  had  no  elfect  u^kmi  them  when  use<l  t»ither 
hot  or  cold.  Soluti4»n  of  iM)tash,  in  which  these  Uidies  had  1h*(Mi 
heated,  iiiixetl  with  a  solution  of  sulphates  of  c^pj)er  an<l  brought  to 
lioiling  point,  did  not  offer  any  uniform  red  coknir,  which  would 
have  bwn  tlie  case  if  they  hiid  containetl  albumin.  Tliiis,  the  chief 
chemical  charactei's  of  albuminous  and  fatty  sulMtjinces  wei^ 
wanting,  an<l  they  i-esombled  chitine  in  their  bi^haviour  to  ivagents. 
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Leiiert  Iiore  in  mind  tbe  poMiible  exist^ncfi  of  some  Iidmuithic  debris, 
iiF  wliich  these  bodies  uii^ht  be  liooklets,  but  he  sought  in  vain  for 
echuintXKici  nnd  pyeticerci. 

Actinomycotic  pus  wiin  hiter  describetl  and  figured  by   Robin, 
111  the  ilhistration  accompnnying  the  dest-ription,  the  fungi  are  most 


KCCtiru(«Iy  depicted.  Bobiii  Mtntts  that  he  had  fonnd,  in  tw'i  'u- 
tbn« (uidca  iu  thepuHof  deep-seated  chrouic  abscesses,  yellowish  graiuii 
nttiiiiuHg  B.  diiinietp-f  of  oue-teuth  of  a  mm.,  surrounded  by  a  sort  of 
hsJo  or  thin,  viscous,  finely  givinuhtr  stratum,  cantnining  leucocytes. 
TbcEv  grains  w^re  composed  of  elemeuts  2  to  6  diui.  in  leugtJi,  swollen 
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at  one  end  and  tapering  off  at  the  other,  arranged  in  a  regular  series, 
radiating  from  a  common  centre  which  consisted  of  granular  matter. 
They  were  highly  refractive,  possessed  a  brilliant  centre  and  sharply 
<lefined  outline  ;  they  were  dissolved,  or  at  least  rendered  indistinct, 
by  acetic  acid,  and  proved  insoluble  in  ammonia  and  ether. 

The  disease  in  man  was  next  described  by  Israel  in  the  paper 
mentioned  above.  Ponfick  was  the  first  to  clearly  recognise  the 
identity  of  the  disease  in  man  with  the  disease  in  cattle,  and  he 
described  a  number  of  cases  in  man.  Israel  subsequently  published 
a  work  on  the  subject.  The  various  cases  which  had  been  observed 
up  to  that  date  were  described,  and  the  disesise  classified  according 
to  the  seat  of  invasion. 

From  this  time  onwards  numbers  of  cases  in  man  have  Veen 
described,  and  various  important  researches  published,  of  which 
those  of  Bostrom  and  Moosbrugger  may  be  especially  mentioned. 

In  England,  Acland  recognised  a  case  on  examining  the  liver 
after  death  (Fig.  177).  H.  Taylor  was  the  first,  in  this  country, 
to  detect  the  fungus  during  the  life  of  a  patient.  Shattock  found 
Hppcimens  of  the  disease  in  museums.  Skerrit,  PoweU  and  Godlee, 
Eve,  Delepine,  Rausome,  Poore,  Malcolm  Morris  and  others  have 
published  cases. 

In  Italy,  Perroncito  studied  the  sarcomata  of  cattle,  and  claims 
to  have  first  observed  the  micro-organism  in  1863.  In  1875  he 
described  it  in  the  Encychpcfdia  Agraria^  and,  from  the  negative 
r(?sults  obtiiined  by  inoculation  exi)eriments,  was  led  to  i^gard  it, 
not  as  the  cause,  but  as  a  result  of  the  disease. 

Rivolta  of  Turin  also  claims  to  have  been  the  fii'st  to  have 
^liscovere<l  the  fungus  in  actinomycosis  bovis.  As  early  as  1868 
he  published  a  pujer  on  a  sarcomatous  tumour  of  the  jaw  of 
an  ox. 

llahn  of  Munich,  in  1870,  undoubtedly  met  with  the  fungus,  for 
he  statas  that  in  a  case  of  "  wooden-tongue  "  he  found  characteristic 
<»rgaiiise(l  structuras,  which  he  provisionally  described  as  a  si>ecies  of 
mould  fungus. 

Bollinger  was  the  first  to  recognise  the  nature  of  this  disease  in 
cattle.  In  1876  he  pointed  out  that  new  growths  occasionally 
iK'curred  on  the  up[)er  and  lower  jaws  of  cattle,  which  either  started 
from  the  alveoli  of  the  back  teeth,  or  from  the  spongy  tissue  of  the 
bone,  and  by  increasing  in  size  loosened  the  teeth.  In  their  pi-ogi'ess 
they  destroyed  bone,  inusckjs,  mucous  membrane,  and  skin.  After 
some  time  they  frequently  broke  down,  forming  ulcers,  akscesses, 
4in(l  fistulrc ;  but  in  some  cases  tumours  were  formed,  which  attained 
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the  Kize  of  »  child's  head.  Bollinger  stated  that  this  disease  had 
been  known  by  various  names, — Osteosarkome,  Wiiiddom  (Spiiva 
rentosa),  KnochenkrdMi,  Knochefivumrm ;  in  other  instances  it  had  been 
regarded  as  bone  tuberculosis,  or  mistaken  for  a  simple  chronic 
glossitis.  Among  breeders  of  cattle  and  owners  of  stock  in  Grermauy 
it  had  been  known  under  the  following  names  :  Ladefidruck,  Laden- 
geachioulslj  dicker  Bttckeuj  Backel,  Kinnbeidej  KiefergeacJiiotdM,  etc. 

Bollinger  pointed  out  that  these  swellings  consisted  of  several 
centres  of  growth,  bound  together  by  connective  tissue.  They  were 
often  as  large  as  a  walnut  or  a  hen's  eggy  and  of  a  pale  yellow 
colour  and  moist  appearance.  The  cut  sui*faoe  presented  yellov^  Lsh- 
white,  suppurative  foci,  while  in  other  cases  the  gro^^-ths  liad  a 
spongy  texture,  owing  to  the  formation  of  lacunse  or  hollow  spaces 
in  a  fibrous  stroma,  which  contained  a  tui'bid,  thick,  yellow,  aiseous 
pulp. 

Microscopical  examination  of  the  tumour  showed  that  it  had  a 
structure  like  a  sarcoma,  while  the  squeezed-out  pulp  consisteil 
principally  of  pus  ceUs,  granulation  cells,  fat  granules,  and  granular 
detritus.  In  addition,  there  were  numerous  opaque,  pale-yellow,  and 
coarsely  granular  bodies  of  different  sizes,  which  had  a  mullx'rry- 
like  appearance,  and  were  sometimes  encrusted  with  chalk.  After 
careful  examination  Bollinger  found  that  these  bodies  were  true 
fungi,  and  he  further  maintained,  from  the  constancy  of  their 
appearance  in  all  parts  of  the  sarcomatous  growth,  that  they  were 
not  accidental,  but  of  pathogenic  significance.  Thi»  was  found  to 
be  the  case,  not  only  in  fresh  preparations,  but  in  old  specimens 
preserved  in  the  museum.  This  remarkable  form  of  mycosis  was 
observed  by  Bollinger,  not  only  in  the  upper  and  lowor  jaws,  hut 
aLso  in  the  tongue.  It  had  long  been  observed  that  the  tongue  was 
sometimes  covered  with  more  or  less  tubercular  growths,  scattered 
abundantly  over  the  surface  of  the  mucous  membrane,  mostly  tlie  size 
of  a  millet  seed  or  hemp  seed,  but  often  reaching  tlie  size  of  a  cherry 
or  walnut,  or  even  larger.  In  the  fresh  state  these  nodules  were 
greyish- white,  and  semi-transparent,  but  they  soon  beaime  cloudy 
or  distinctly  puriform  in  the  centi-e ;  they  were  surrounded  externally 
with  a  connective  tissue  capsule.  If  the  nodules  were  situated  on 
the  surface  of  the  tongue,  destruction  of  the  mucous  membrane  very 
readily  followed,  leading  to  the  formation  of  ulcei>;.  The  tongue 
also  might  become  affected  with  an  intei*stitial  glossitis,  wliich  often, 
in  spite  of  the  partial  atrophy  of  the  muscular  fibres,  led  to  a  great 
enlargement  and  wood-like  hardness  of  the  tongue.  Ou  aecvnint 
of  this  peculiar  character,  such  a  tongue  was  long  known  in  South 
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Germany  as  Hotzzutige.  In  other  cases  the  condition  was  regarded 
as  "  tubercle  of  the  tongue,"  "  chronic  sarcoma,"  "  chronic  interstitial 
glossitis,"  or  simply  "  degeneration  of  the  tongue." 

Bollinger  described  this  disease  «as  occurring  in  cattle  of  all  ages, 
developing  itself  gradually,  and  being  always  incurable.  As  a  rule, 
the  animals  were  slaughtered,  because  the  diminished  mobility  and 
enlargement  of  the  tongue  interfered  with  feeding.  He  also  pointe<l 
out  that  this  disetise  of  the  tongue  was  by  no  means  rare,  as  he  had 
had  no  less  than  six  such  tongues  from  different  parts  of  Bavaria  in 
the  space  of  a  year,  and  he  also  had  been  able  to  prove  the  existence 
of  the  disease  in  museum  specimens. 

On  further  continuing  his  researches,  Bollinger  found  the  same 
fungus  in  tumours  which  occurred  in  the  pharynx,  larynx,  and 
the  mucous  membrane  of  the  stomach.  These  tumours  were  verv 
common  in  the  throat  in  some  parts  of  North  Germany,  where  as 
many  as  5  per  cent,  of  the  animals  had  been  known  to  be  affected. 
The  disease  frequently  occurred  in  the  form  of  subcutaneous 
neoplasms,  called  Lyinphome,  Ilohzgeschumlste,  Fibrmne,  Tvhei'kdy 
Tuherkd-8ci*opheln. 

This  disease  also  appeared  in  the  form  of  abscesses,  which  were 
called,  in  many  districts,  SMundbeulen,  These  growths  were  found 
in  the  neighbourhood  of  the  parotid  gland,  the  larynx,  and  pharynx, 
and  were  similar  in  every  respect  to  the  affection  of  the  jaw.  They 
were  described  as  starting  apparently  from  lymphatic  vessels  in 
these  parts.  Bollinger  discovered  the  fungus  in  a  case  of  so-called 
fibroid  of  the  second  stomach  of  a  cow,  a  spongy  growth  nearly  tlu^ 
size  of  the  fist ;  and  he  believ^ed  that  in  another  case  the  disease 
manifested  itself  in  the  form  of  tubercular  ulceration  of  the 
intestines. 

Bollinger  submitted  the  fungus  to  Dr.  JIarz,  a  botanist,  who 
descriheil  the  fungi  as  miill>erry-like  masses  from  '5  to  1  mm.  in 
diameter.  They  appeared  to  the  naked-eye  as  o})a([ue,  white  grains, 
and  when  calcified  were  ditHcult  to  recognise.  On  slight  pressure 
the  tufts  of  the  fungi  fell  apart  into  segments  of  unequal  si/e,  each 
of  which  appeared  to  correspond  to  an  individual  fungus.  The 
latter  was  described  as  beginning  at  the  jiointed  end  of  tlie  wedge, 
with  a  somewhat  cone-sliaped  basal  cell,  which,  in  the  a])sence  of  a 
mycelium,  j)erhaps  tcK)k  its  place,  and  hore  a  great  number  of  short 
linked  hypha\  At  the  ends  of  the  hyphie  there  were  oval,  glo])ular, 
or  elongateil  cluV)-shaped  Ix^dies,  the  reproductive  cells  or  gonicHa. 

Cultivation  experiments,  and  inoculation  of  the  tongue  of  a  calf 
with  liquid  containing  the  micro-organism,  failed,      ilarz  proposed 
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to  call  the  fungus,  from  its  ray-like  appearance,  actinomyoes ;  but 
what  the  position  of  the  fungus  in  nature  might  be,  was  difficult  to 
determine.  It  did  not,  he  believed,  belong  to  the  yeaRt  fungi,  but  to 
the  mould  fungi,  and  might  be  compareil  to  Botrytis,  Monosporium, 
and  Polyactis. 

Bollinger  concluded  that  thero  could  be  no  doubt  that  actiuo- 
mycoids  occupied  an  im|X)rtant  position  in  the  pathology  of  cattle 
diHeafetes.  Ah  further  evidence  of  the  prevalence  of  the  affection,  he 
remarked  that  Zippelius  of  Obemburg  had  observed  in  the  course  of 
about  ten  years'  priictice  not  less  than  254  oises  of  l}'mph()nia,  in 
the  neighbourhood  of  the  laiynx  and  pharynx,  besides  157  crises 
of  disease  of  the  jaw ;  and  Bollinger  says  that  he  had  very  little 
doubt  that  the  greater  part  of  the  ^former,  and  very  likely  all  the 
cases  in  the  jaw,  were  due  to  the  fungus  which  he  had  discovereil. 
In  certain  parts  of  Franconia,  according  to  a  communication  received 
from  Professor  Frank,  these  tumoura  of  the  throat  were  extremely 
abundant  in  cattle. 

Bollinger's  reseai-ches  were  followed  by  those  of  Siedanigi*otzky, 
and  later  by  a  communication  from  Johne.  Johne  described  the 
variouH  forms  of  the  disease  which  had  up  to  that  date  been 
recognised,  including  a  description  of  actinomycosis  of  the  Ixmes 
of  the  jaws,  of  the  fauces,  of  the  larynx,  of  the  oesophagus,  of  the 
stomach  and  intestinal  canal,  and  of  the  udder.  He  carried  out  a 
series  of  experiments,  by  which  it  was  clearly  established  that  the 
disease  could  be  communicated  from  cattle  to  cattle.  Pi*e\'iously 
Bollinger,  Harz,  Perroncito,  Ponfick,  Siedamgrotzky,  and  Jolme  had 
failed,  but  subsequently  by  employing  fresh  material  from  the 
living  animal,  both  Johne  and  Ponfick  succeeded. 

Siedamgi'otzky  not  only  confirmed  Bollinger's  researches,  but  he 
described  the  presence  of  the  fungus  in  so-called  *^  multiple  sarcomas '' 
of  the  mucous  membrane  of  the  oesophagus.  Ilal>c  desciibed  the 
presence  of  the  fungus  in  tumours  known  as  Winddorn,  and  ])ointed 
out  that,  in  at  least  one  ciise,  he  considei'ed  that  the  disease  had 
been  carried  by  the  lympliatics.  There  were  eleven  sulniutaneous 
tumours  in  a  row  on  the  face,  which  wei'e  connected  by  swollen, 
rope-hke,  lymphatic  vessels.  They  appeaitjd  to  be  secondary  t<.)  a 
giowth  on  the  nostiil,  the  size  of  a  hen's  egg. 

Perroncito  described  a  case  of  "sai-coma"  of  the  intestines  an<l 
stomach,  which  proved  to  be  actinomycosis. 

Many  additional  communications  were  made  on  the  subject  of 
this  disease.  Ponfick  produceil  it  in  the  lungs  by  intravenous 
injectioii,  and  subsequently  three  cases  occuriing  naturally  in  the 
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practice  of  veterinary  surgeons  were  published.  They  not  only 
deserve  especial  mention,  but  as  this  form  of  the  disease  appears  to 
be  so  seldom  recognised,  they  will  be  given  in  detail 

Plug  described  a  case  in  the  lungs.  The  cow  had  been  out  of 
health  for  four  weeks,  did  not  eat,  and  had  a  cough,  and  two  days 
previous  to  the  visit  had  become  rapidly  worse.  Schmidt  found 
dyspnoea  with  abdominal  respiration ;  the  nostrils  were  dilated,  the 
bead  protruded,  and  the  mouth  kept  open.  There  was  dulness  on 
percussion,  and  crepitation.  The  animal  was  killed,  and  the  lungs, 
which  alone  were  diseased,  were  sent  to  Plug.  The  pleura  on  exami- 
nation was  normal,  but  beneath  it  were  numbers  of  miliary 
tubercles,  many  equal  in  size  to  a  pin's  head.  On  section  the  lung 
had  a  granular  appearance  from  the  presence  of  countless  numbers 
of  minute  deposits,  which  all  had  the  appearance  of  grey  tubercles ; 
in  none  was  there  any  central  softening.  They  were  present  in 
enormous  numbers  around  the  bronchi,  and  in  the  vessels  of  the 
interlobular  tissue.  Microscopical  examination  showed,  in  the  middle 
of  most  of  these  nodules,  the  presence  of  greenish -yellow,  radiating 
bodies,  which  under  a  high  power  appeared  to  be  undoubtedly 
actinomycotic  granules.  In  many  there  were  only  rudimentitry  fungi 
consisting  of  four  or  five  clubs  ;  there  was  only  one  rosette  in  each 
tubercle.  The  fungus  was  surrounded  by  round  cells  and  fibrous 
tissue.  Larger  nodules  resulted  from  the  agglomeration  of  several 
tubercles,  or  fi*om  diffuse  infiltration  of  round  cells  in  the  neighbour- 
hoo<l  of  a  tubercle. 

Hink  met  with  a  somewhat  similar  casre.  A  ten-year-old  cow 
was  slaughtered,  and  in  the  middle  lobe  of  the  right  lung  there  were 
yellowish  nodules  about  the  size  of  a  pea,  scattered  over  an  area 
the  size  of  the  palm  of  the  hand.  These  nodules  were  not  at 
first  sight  dLstinguishable  from  ordinary  tubercles,  but  on  closer 
inspection  they  appeared  to  be  somewhat  different,  and  could  be 
easily  shelled  out  from  the  thickened  lung  tissue.  On  making  a 
section,  pus  welled  up  at  several  points,  and  contained  yellowish, 
calcareous  particles.  These  particles,  on  microscopical  examination, 
were  found  to  be  strongly  calcified  tuft^s  of  the  actinomyces  embedded 
in  granulation  cells.  Addition  of  hydrochloric  acid  dissolved  the 
calcareous  matter,  but  had  no  action  on  the  fungus. 

Pusch  described  a  third  case.  The  lungs  of  a  cow,  which  had 
been  killed  on  suspicion  of  having  pleuro-pneumonia,  wore  sent  for 
examination.  The  front  lobe  of  the  left  lung  was  collapsed  and 
firm,  the  pleura  was  thickened  and  opaque  ;  the  larger  bronchi  weii* 
enlarged,  filled  with  pus,  and  their  walls  thickened.     In  the  iK)sterior 
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lobe  of  the  left  lang  there  was  a  cavity  the  size  of  the  fist,  which 
had  been  opened,  and  the  contents  had,  for  the  most  part,  escaped ; 
what  remained  was  a  greyish,  purulent  liquid,  full  of  yellowish 
bodies.  By  the  side  of  this  cavity  there  was  another  collection  of 
pus,  the  size  of  a  walnut.  In  the  lower  part  of  the  second  lobe  of 
the  right  lung  there  was  a  firm,  grey  tumour,  the  size  of  a  hen's 
egg,  over  which  the  pleura  was  much  thickened.  On  section  this 
was  cavernous,  with  similar  purulent  contents,  and  yellow  grains. 
These  grains  under  the  microscope  proved  to  be  ray-fungL  The  wall 
of  the  cavity  consisted  of  dense  connective  tissue  lined  with  a  soft 
gi^nulation  tissue,  bathed  in  pus.  There  was  no  disease  of  any 
other  parts  in  this  case,  so  that  it  corresponded  in  this  respect  with 
the  two  previous  ones.  Pusch  adds  that  it  was  difficult  to  determine 
whether  the  organism  had  gained  access  to  the  lungs  by  the  blood- 
vessels, or  by  the  inspired  air.  In  his  case  he  inclined  to  the  latter 
view,  and  concludes  by  saying  that  the  organism  is  probably  very 
common  and  attached  to  the  most  varied  objects,  from  which  it 
may  be  conveyed  by  the  air. 

Pusch  refers  in  the  same  paper  to  an  interesting  case  wliich 
ooeurred  in  the  practice  of  Eggeling.  The  latter  had  under  his  care 
a  cow  with  extensive  paralysis.  Tlie  spinal  cord  was  compressed 
by  a  compact  swelling  in  the  neck,  consisting  of  the  nodules  of 
actinomycosis.  There  were  no  manifestations  of  disease  in  any  other 
part  of  the  body. 

Prevalence  of  the  Disease. — The  author  found  that  the  dise^ise 
was  not  generally  recognised  as  a  common  affection  of  cattle 
in  this  country,  in  spite  of  the  interest  excited  by  the  work  of 
Fleming,  to  whom  is  due  the  credit  of  first  recognising  a  aim  in 
England.  In  1887  there  was  a  disease  prevailing  in  Norfolk,  and 
in  the  following  year  outbreaks  were  investigated  by  the  author 
in  Essex,  Hertfordshire,  Cambridgeshire,  and  Middlesex.  In  the 
Norfolk  outbreak  the  author  found  on  one  farm  8  per  cent,  of  the 
beasts  affected  with  the  so-called  **  wens "  or  **  sitfasts,"  which 
proved  on  microscopical  examination  to  be  cases  of  actinomycosis. 
These  growths  had  previously  been  described  in  veterinary  text-books 
as  the  result  of  strumous  or  scrofulous  inflammation ;  but  in  all 
the  specimens  of  wens  received  from  this  country  and  the  colonies, 
the  author  has  been  able  to  demonstrate  the  presence  of  the  ray- 
fungus. 

A  case  of  pulmomiry  actinomycosis,  with  grape-like  growths  ou 
the  pleura,  indicated  that  wens  wei*e  not  the  only  manifestation  of 
this  disease,  which  had  been  lost  sight  of  under  the  designation  of 


tuljerculosix.      Mnny  oOier  coses  were  exainineii, 
wuH  ubowii  to  bo  [irevnleiit  iit  thia  couutry. 


tfrftivtui'  Willi  diiflut 


.iiitbi-eiih  of  thia  dueii«o,  known  iilao 


commotily  (iwurs  in  the  form  of 
jnw,  which  went  attributed  to 
"cftiiwr"  or  to  "  scrofulous 
indiiimiiatiou."  The  ilioe 
in  still  L-<tuuiionly  known 
Anflniliii   lui    '■cancer"  t 

Iti^fiorts  of  the  prevaloiuw 
iifnclini>myiMw«  in  llie  Unit*! 
.Sih(l-h  liHV-e  K-cn  ptibliAbed 
l.v  lliv  I(.«ir<l  of  Uvx>  Stuck 
<'.)itiiijif>Mic>iK<rs  for  th<>  Stale 
<>i  Illiiiok  In  tlidr  Report 
for  1800  several  intwwling 
('(iiiimuiuiMtioue  wfre  pub> 
ii^i^l,  Mr.  Caaewell,  State 
Vot^rinnrinn,  invesUpited  Mi' 
n  AniericA  iw  "  lump)'  jaw," 
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fou  a  faiTii  in  Yates  City,  where  there  were  80  head  of  cattlB,  aiul 
T  IG  were  founi]  to  be  Bofferiiij;  from  actio omvcoeia.      Mr.  C;i«ewe!l 


Tig.  18a— PhoWgTsph  of  ■  utetr  nmrly  three  jeara  old,  bm  »biiul  tlip  «ii!it  of  a 
yrwiiiig.  The  einnciatioii  and  deplontble  aspect  recall  the  Hpptiarjkurw  i>f 
"a  pinBr"  or  "  wanlpr''  (tulierculoaiiil. 

wfiorteil  that  the  disejise  was  prevalent  in  nearly  every  county  in 
th&l  Stale,  and  that  in  his  opinion  it  waa  spreading,  In  one 
insttiitce  109  cases  were  slaughtwed. 

Aitiiunn^cona  in  Helalion  tn  Tubavulo&is. — When  i 
the  very  high  pei-centage  of  ciiaea 
of  tuberculosis  which  has  been 
i«pirt(.-il  in  !M>me  localities,  the  im- 
portance of  differentiating  actino- 
mycosis frum  tuherculotiia  canniit 
be  ovt:r-eeti mated.  The  very 
'pvat  contrufit  in  the  apjitarunrn 
of  the  luiLTO-oi^uwiams  in  ibe 
two  ca8e8  renders  thiw  a  very 
«iisy  matter  for  the  pathologist. 
But  practical  veterinarinnM  and 
breedei«  of  cattle  are  liable  to 
uu-Htake  some  manife^itntions  of 
fcctinuniycosis  for  tubt-Tciilosis. 

It  is  of  the  greatcKt  iin- 
poi'tance  to  bear  in  mind  that 
wens  or  clyers  are   really  not  tnboi-cular,  but  actinomycotic ; 
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that  a  condition  of  the  lungs  may  occur  as  the  result  of  actino- 
mycosis, which  from  the  naked- eye  appearances  may  be  mistaken  for 
**  grapes "  or  "  angleberries."  It  will  be  well  also  to  remember  in 
connection  with  the  above  remarks,  that  extreme  emaciation  may 
result  in  actinomycosis,  producing  a  condition  which,  without  a 
post-mortem  examination,  would  probably  be  attributed  to  tuber- 
culosis, the  animal  being  regarded  as  a  "  piner  "  or  **  waster.  "^ 
If  these  possible  fallacies  are  taken  into  account,  the  excessive  per- 
centage of  tubercular  cases  so  commonly  reported  will  be  very 
considerably  reduced. 

There  is  no  evidence  to  show  that  the  flesh  of  animals  suffering 
from  actinomycotic  tumours  is  unfit  for  human  consumption.  In 
very  severe  cases  it  is  unwholesome,  but  there  is  no  evidence  that 
it  can  produce  actinomycosis  in  man. 

Manifestations  of  Actinomycosis  in  Man. 

(I.)  Invasion  by  the  Mouih  and  Pharynx, — The  fungus  may  gain 
access  through  carious  teeth,  or  wounds  or  fistulse  of  the  jaw,  and 
very  possibly  by  inflammatory  processes  in  the  pharynx  and  tonsils. 

The  disease  attacks  the  'lower  jaw  most  frequently.  The  tumour 
is  found  in  close  connection  with  the  bone,  or  in  the  sub-maxillary 
or  sub-mental  regions,  and  also  in  the  pra»-tracheal  region.  It  occurs, 
though  rarely,  in  the  interior  of  the  bone. 

In  a  case  de.scri))ed  by  Israel,  which  occurred  in  a  woman  aged 
forty-six,  there  was  a  small  tumour  about  the  size  of  a  clierry 
attached  to  the  external  surface  of  the  lower  jaw,  with  an  opening 
through  which  a  probe  could  be  passed  into  the  l)one.  The  tumour 
was  incised  and  scraped  away,  and  a  cavity  discovered  in  the  ])one, 
admitting  a  small  sharp-spoon.  Later,  a  furtlier  operation  was 
performed  :  the  periosteum  was  detached,  the  caWty  of  the  bone 
enlarged,  and  tlie  contents  scraped  out,  consisting  of  granuUition 
tissue,  fragments  of  bone,  and  the  yellowLsh  fungi.  At  the  bottom 
of  the  cavity  the  fang  of  the  canine  tooth  was  found.  No  return  of 
the  growth  occiu'red. 

The  first  cases  of  actinomycosis  whieli  were  observed  in  America 
were  connected  with  the  jaw.  In  1884  Dr.  Murphy  described  two 
cases  at  Cliicago.  Tlie  first  was  that  of  a  woman  aged  twenty-eight. 
Two  weeks  pieviously  she  had  suffered  from  severe  toothache,  with 
swelling  in  the  throat  and  great  pain  in  swallowing.  It  disappeared 
after  jxndticing,  but  she  was  again  attacked  with  toothache,  and  a 
swelling  appeared  on  the  angle  of  the  jaw  on  the  left  side.     The 
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mouth  could  not  be  opened  without  difficulty ;  the  tonsil  was  much 
enlarged,  and  pus  was  set  free  on  incision.  She  still  suffered  with 
toothache,  and  a  small  swelling  now  occurred  on  the  left  side  of  the 
neck  below  the  jaw.  She  had  several  carious  teeth.  The  swelling, 
which  was  about  the  size  of  a  walnut,  was  punctured,  and  a  drainage 
tube  inserted  ;  a  creamy-looking  discharge  containing  yellow  granules 
continued  to  escape,  but  the  swelling  and  induration  increased.  A 
further  operation  was  decided  upon.  The  ctii-ious  tooth  was  removed, 
and  a  probe  passed  into  the  alveolus  showed  a  communication  with 
the  external  wound ;  the  angle  of  the  jaw  was  chiselled  away,  and 
the  alveolus  scraped  out.  lodoformed  gauze  was  applied,  and  the 
case  recovered. 

The  second  case  was  a  man  aged  eighteen,  who  had  also  suffered 
with  severe  toothache  and  swelling  at  the  angle  of  the  jaw.  On 
exAmination  a  carious  tooth  was  noticed.  The  swelling  was  well 
marked,  and  there  was  fluctuation  ;  it  was  as  lai'ge  as  a  pigeon's 
egg,  and  situated  below  the  jaw.  When  punctui-etl,  thick  creamy 
]ius  escaped  containing  the  fungi ;  the  sinus  was  scraped  out,  and  in 
ten  ila3r8  the  wound  was  healeil.  Another  swelling  appeared,  and 
this  was  treated  as  before,  and  the  case  recovei'ed. 

The  peculiar  feature  of  these  growths  Ls  their  apparent  migra- 
tion. Israel  states  that  in  one  case  a  tumour  occurred  on  the  alveolar 
process,  close  to  carious  teeth,  and  later  was  close  to  the  edge  of 
the  jaw  in  the  sub- maxillary  region.  From  thencre  it  disapi)eared, 
and  a  large  swelhng  formed  below  the  hyoid  bone,  and  after  this  had 
been  incised  and  had  healed,  an  abscess  formeil  above  the  clavicle. 

Actinomycotic  tumours  in  this  region  would  sometimes  appear  to 
oori^espond  very  closely  with  wens  or  clyers  in  cattle :  they  may  dis- 
charge through  the  skin,  and  the  opening  close,  or  a  fistula  result ; 
but  they  differ,  from  their  tendency  to  form  bun*owing  abscesst\s 
instead  of  recognisable  tumours.  In  this  respect  they  recall  chronic 
inflammation  rather  than  the  sai*coma-like  growths  in  cattle. 

Cases  in  which  the  upper  jaw  Ls  attacked  ai^  not  so  fre(]uent  as 
those  in  the  lower  jaw.  The  progress  is  usually  described  as  slow, 
and  there  is  a  tendency  for  the  deep-seated  soft  jwirts  to  l)o  involved, 
while  in  the  lower  jaw  there  is  a  tendency  for  the  tumour  to  come 
to  the  surface.  There  may  be  burrowing  suppuration,  or  small 
tumours,  which,  after  a  time,  fluctuate  and  form  distinct  abscesMjs. 
These  may  involve  the  skin,  discharge  their  contents,  and  Ufavt* 
fiKtulous  openings. 

In  other  cases  the  disease  has  been  describeil  tis  extending  from 
the  alveolar  process  to  the  temporal  bone,  or  the  base  of  the  skull, 
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<lestroyiug  bonen  and  even  reaching  the  brain ;  or  the  growth  may 
descend  by  the  spinal  column,  implicating  the  vertebne,  and  travel- 
ling and  pointing  in  various  directions. 

(II.)  Invasion  by  the  Respiratory  Tract, — In  one  recorded  case 
the  diseiuse  existed  for  seven  years,  was  localised  to  the  bronchi 
(Bronchitis  actinomycotica\  and  did  not  extend  into  the  lungs. 
The  sputum  was  examine<l,  and  contained  the  characteristic  fungus. 

If  the  mici'o-organisms  are  inhaled  they  pass  into  the  bronchioles 
4ind  alveoli,  and  pixnluce  proliferation  of  round  cells,  which  undergo 
fatty  degeneration.  The  resulting  patches  of  peri-bronchitis  or 
pneumonia  become  yellowish -white;  suppuration  and  hsemorrhage 
from  tlie  capillaiies  follow,  and  small  cavities  result,  containing  pus 
cells,  fat  granules,  blood,  and  tlie  fungi.  In  the  neighlx>urho(xi  of 
the  new  growth  there  is  comi)res8ion  of  the  alveoli,  and  ultimately  the 
formation  of  a  dense  stratum  of  coimective  tissue,  separated  from  the 
cavities  by  a  lining  of  granulation  tissue  containing  the  character- 
istic fungus.  The  symptoms  are  usually  obscure ;  but  the  sputum 
may  contain  the  fungi,  which  ai*e  often  visible  to  the  naked  eye. 
The  apices  of  the  lungs  ai*e  not,  as  a  rule,  affected.  Tlicre  is  con- 
siderable clinical  resemblance  to  chronic  phthisis :  cough,  night- 
sweats,  pallor,  shortness  of  breath,  and  haemoptysis  are  symptoms 
common  to  both.  Light  may  be  thrown  upon  the  case  by  the  examina- 
tion of  the  sputum.  The  presence  of  the  actinomyces  will  be  positive 
evidence  as  to  tlie  nature  of  the  disease.  The  existence  of  these 
symptoms,  with  absence  of  tul>ercle  bacilli,  would  leail  to  the 
suspicion  of  actinomycosis,  even  failing  the  discovery  of  the  fungus 
in  the  sputum. 

In  tlie  scHiond  stage  tlie  symptoms  are  more  characteristic.  The 
<lise<ist'>  sj)reads  to  neigh))ouring  parts,  and  pleurisy  commonly  suj>er- 
venes.  This  ext<^nsion  may  involve  the  jK^ri-pleural  tissues.  Thus 
the  disease  may  follow  the  pra3- vertebral  tiasues,  descend  behind  the 
insertion  of  the  diaphragm,  and  iM)int  as  an  ordinary  jjsoa^^  or 
lumbar  abscess ;  it  may  perforate  the  diaphragm  and  rejich  the 
alKlominal  cavity.  Peritonitis  or  sub-phrenitic  aliscess  may  then 
result.  In  some  castss  adhesions  have  formed,  and  the  (Usease  has 
4^xten(ied  to  the  liver  or  sph^en,  or  other  abdominal  organs.  The 
disease  may  also  extend  forwards  in  the  direction  of  the  anterior 
mediastinum  and  the  pencardium. 

The  primary  aiftiction  of  the  lung  becomes  of  secondary  imjjort- 
aiioe.  Grave  symptoms  occur,  hectic  fever,  night-sweats,  rigoi-s, 
and  markcil  pallor.  In  the  third  stage,  the  disease  comes  to  the 
.surface,  eitluM*  over  the  chest,  or  in  the  neighhourhcxxl  of  the  dorsal 
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or  lumbar  vei^tebrse ;  a  Hwelling  appears  of  a  livid  colour,  and  if 
punctured  no  fluid  escapes,  but  if  allowed  to  make  its  own  way  to  the 
surface,  the  skin  gives  way,  a  muco-purulent  discharge  mixed  with 
pieces  of  the  growth  escapes,  and  the  fungi  can  readily  be  recognised. 

(III.)  Invciaian  of  the  Digestive  Tract, — In  a  case  under  Chiiiri, 
death,  with  general  marasmus,  took  place  at  the  age  of  thirty-four, 
after  two  years'  illness.  The  mucous  membrane  of  the  intestines  was 
almost  completely  covered  with  whitish  piitchas,  raised  in  the  centre, 
and  covered  with  yellow  and  brown  gi*anules  closely  adherent  to 
the  adjacent  tissues.     The  teeth  were  carious. 

Small  nodules  about  the  size  of  a  ijea  may  be  found  in  the  sub- 
mucous tissue,  and  in  the  mucous  membrane  itself.  They  soften 
and  form  ulcei-s  with  undermined  edges,  the  ba.'^e  reaching  the 
muscular  layer.  They  may  undergo  cicatrisation,  but  generally 
the  disease  extends  through  the  peritoneum  to  the  abdominal  cavity, 
and  perforates  the  bladder  or  the  intestines,  or  makes  its  way  through 
the  abdominal  wall.  Symptoms  are  either  absent  or  not  characttn-- 
istic.  The  fungus  may  sometimes  be  found  in  the  evacuations,  or 
by  exi>loi'atory  puncture. 

(IV.)  Undetermined. — In  addition  there  are  a  numl^er  of  recordtnl 
cases  presenting  very  varied  symptoms  and  anatomical  relations,  in 
which  it  has  not  been  possible  to  satisfactorily  determine  the  path 
of  infection.  Delepine  has  described  a  most  interesting  case  of  an 
2ictinomycotic  tumour  of  the  brain. 

Manifestations  of  Actinomycosis  in  Cattle. 

(I.)  In  the  Digeatit^  system  we  fin<l  the  disease  attacking  :  — 

{a)  The  lips,  gums,  buccal  mucous  membrane  and  jxdate,  and 
appearing  as  nodules,  wart-like  growtlLs,  or  ulcers.  The  noduK's 
and  ulceration  of  the  palate  were  well  shown  in  a  specimen  sent  to 
the  author  for  examination,  under  suspicion  of  being  the  result  ot 
severe  foot  and  mouth  disease. 

(6)  The  upper  and  lower  jaw,  where  it  prol)ably  originates  in 
carious  teeth,  and  extending  and  invading  the  neighlxjuring  cavities 
and  sinuses  destroys  the  tissues  with  wliich  it  comes  in  contact. 
expanding  the  bones  into  thin  plates  or  reducing  them  to  tlie 
appearance  of  pumice-stone. 

(c)  The  tongue,  where  we  see  it  mast  commonly  in  the  form  of 
nochdes  or  wart-like  patches  under  the  mucous  membrane,  with  a 
special  tendency  to  ulcerate,  through  the  irritation  of  the  teetli.  Thest* 
noilules  may  extend  into  the  deep  muscles,  and  often  collect  in  rows 
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more  or  lean  paiiillel  to  the  supcrnL-ial  muacuiAi-  fibres.  Uoni{>lct« 
triiuvKi-au  swUinut  of  tlie  toagiie,  double- ttluiued,  reailily  whow  thw 
urrniigement,  even  to  the  tiukwl  uyr.  Induration  iif  the  t<inxue 
i'ci>iiltA  from  ttecondnry  int«i-stitiiil  glomitu.  The  itiilhur  litui  m^a, 
in  (>iii>  Piuie  only,  n  tumour  ttnibeddcd  in  tlitt  sntwtnncu  of  ilia  touK"* 
iiboiit  tbo  aixe  of  ii  Kitiiill  Tnngi(<i-ine  nrnnge,  and  mora  or  1*»«  inalatKil  | 
from  any  Htirrouniling  giviwUi. 

(d)  Thu  pfmr^/nT,  vihprr  the  diaeiipe  mny  occur  in  tb"  firm 
l,oly,,„i,I  j:n..M),.   i.n„l.,.i„,.   ..|,1,>^;.. 
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(II.)  Ill  ttio  Rrapimtory  aystom  we  luuy  meet  with  the  diatuutt*  in 
(»)  The  nojHil  eaviliet,  originntiiig  {iriniArily  there  or  rcMtdtiiigl 
fi'iitn  extiinticin  of  a  growth  from  the  Vxpti,  or  llie  phiirynx. 

(b)  The  la/^ia^  and  trachta,  geuenilly  in   tlir  form  of  polvpnid  I 
growths,  seiwilo  or   {ledunru luted,  which   ni-iiw   priniftHly  ur    iirvni 
M<coiidArily,  by  PxtonHiou  from  the  tisKUea  in  the  upigbboiirliood. 

(c)  Th«  lung»,  whore  the  differentiation  of  the  difeane  is  tuu«i  I 
importiint,  lis  iieoplaHmK  in  the  liitigH,  cwpcxrially  in  tlie  CMrlir  I 
stiigeR,  iiitd  nodular  growths  on  the  pleura,  may  be  uiBtakmi  for  I 
tnborculoaiK. 

The   disease    is    very    rarely    fotinil    in    connoctiou    with    the  | 
SeriviiK  sj/tUm  (HI.),  but  probably  does  not  »o  raiidy  attack  tha 
Jlijnvtluctire  gi/slem  (IV,). 
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(Y.)  The  skin  atid  svhcuiatieovs  tissues  are  a  favourite  seat  of  this 
<liKease,  producing  the  so-called  wens  or  clyers  so  commonly  seen  in  the 
fen  country.  A  wen  is  first  recognised  as  a  small  tumour,  the  sisce 
of  a  marble  or  walnut,  which  increases  in  size  sometimes  with  gi*eat 
rapidity,  and  breaks  down  and  discharges  its  muco-purulent  contents 
through  the  inflamed  and  ulcerated  skin  ;  or  it  may  go  on  inci-easing, 
11  nd  form  a  large  compact  growth,  the  size  of  a  child's  head.  These 
growths  when  excised,  hardened,  and  cut,  have  a  characteristic 
honeycombed  appeai'ance,  produced  by  the  interlacing  bands  of 
fibrous  tissue,  which  form  a  spongy  structure,  fi*om  the  intei^sticjs 
of  which  the  fungus  tufts  and  thick  yellowish  pus  have  for  the 
ino»t  part  dropped  out. 

Acttnoxnyces  Hominis. — Careful  examination  of  pus  from 
n  case  of  actinomycosis  in  man  will  reveal  to  the  naked  eye  little 
yellowish -white  or  yellow  bodies,  which  a  casual  observer  might 
mistake  for  grains  of  iodoform.  On  collecting  some  of  the  discharge 
in  a  test-tube,  and  holding  it  between  the  light  and  the  eye,  the  tuft-s 
of  fungi  appeared  as  brownish  or  greenish -brown  grains,  embtHlded 
in  a  muco-purulent  matrix. 

On  spreading  some  of  the  discharge  on  a  glass  slip,  the  largest 
tufts  of  the  fungus  are  found  to  be  about  the  size  of  a  pin's  head. 
They  have  a  distinctly  sulphur-yellow  colour  by  reflected  light,  but 
appear  of  a  yellowish  or  greenish-brown  tint  by  transmitted  light. 
With  a  sewing  needle,  or  a  platinum  wire  flattened  at  the  end  into 
a  miniature  spatula,  the  grains  can  be  readily  picked  out  of  the 
discbarge,  or  taken  off  the  dressing,  transferred  to  a  clean  slide,  and 
gently  covered  with  a  cover-glass.  Examined  with  an  inch  objective, 
tbey  have  the  appearance  of  more  or  less  spheroidal  masses  of  a 
pale  greenish -yellow  coloiu*.  On  i-emoving  the  preparation  fi-om  the 
microscope,  and  gently  pressing  down  the  cover-glass  with  the  linger, 
the  grains  flatten  out  like  specks  of  tallow ;  and  on  again  examining 
with  the  same  power  they  are  found  to  have  fallen  apart  into  a 
number  of  irregular  and  sometimes  wedge-shajKnl  fragments  of  a 
faintly  brown  colour,  affording  a  characteristic  appearance.  By 
preparing  another  specimen,  and  covering  it  with  a  cover-glass 
without  completely  flattening  out  the  grains,  the  spherical,  oblong 
and  reniform  masses  of  which  the  tufts  ai-e  composeil  can  ho 
recognised  with  a  J-  in.  objective  as  rosettes  of  clubs.  By  examining 
the  peripheral  part  of  a  rosette  with  a  j j"^^->  *'''^*^  especially  after 
pressing  the  grains  into  a  thin  layer,  with  or  without  the  addition 
of  a  drop  of  glycerine,  the  characteristic  clubs  are  mast  readily 
demonstrated,   and  the  most  varied  shapes  observetl   bv  carefully 
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examining  the  form  of  the  individual  elements.  As  in  the  bovine 
fungus,  every  variation  in  form  is  found,  from  single  clubs  to  clubs 
with  lateral  offshoots,  clubs  bifid  at  the  extremity,  palmate  or 
fan-shaped  groups,  and  banana-like  bunches.  In  many  cases  the 
clubs  are  divided  by  transverse  fission  into  two,  three,  or  more 
segments.  As  a  rule,  the  clubs  are  irregular  in  shape,  and  of  about 
equal  size,  while  a  few  are  conspicuous  by  their  length.  In  other 
parts  of  the  preparation  the  clubs  are  replaced  by  long  slender 
forms,  which  are  sometimes  transversely  divided  into  a  number  of 
slioi't  links.  With  suitable  illumination  many  clubs  are  seen  to 
tA{)er  off  into  slender  filaments.  In  addition  there  are  free  filaments, 
which  are  twisted,  branched,  and  sometimes  distinctly  spinlliform. 
Many  of  the  clubs  are.composed  of  layers  differing  in  their  refractive 
power,  and  many  have  the  appetirance  of  a  central  channel.  Tliere 
are  also  in  the  preparation  small,  highly  refractive  bodies,  fat 
granules,  granular  detritus,  round  cells,  pus  cells,  and  sometimes 
blood  corpuscles. 

The  grains  differ,  as  a  rule,  from  those  from  a  bovine  source,  in 
the  absence  of  that  sensation  of  grittiness  so  often  transmitted  to  the 
finger  when  pressing  the  cover-glass  upon  them,  and  in  the  slightly 
greater  tendency  of  the  tufts  to  retain  their  compact  form.  By 
teasing  the  grains  in  a  drop  of  water  on  a  slide,  and  examining 
the  preparation  with  a  J  or  a  -j^j  objective,  the  explanation 
of  the  latter  is  forthcoming ;  for  by  this  process  the  cluljs  ai'e 
f^'radually  washed  away,  and  a  central  core  remains,  which  is  com- 
posed entin^y  of  a  dense  network  of  filaments.  This  can  i»ea<lily  l)e 
ol>served  by  using  a  small  diaphragm,  and  it  will  ))e  found  that 
the  rosettes  of  clubs  ai'e  now  replaced  by  tangled  masses,  having  some 
roseinhlance  to  miniature  tufts  of  cotton- w(K)1.  These  filaments 
constitute  the  delicatt*  network  which  is  seen  in  seetions  stjiinetl 
hy  the  method  of  Gram.  This  can  he  readily  V€»rified  by  making 
a  cover-glass  preparation  of  the  grains,  and  staining  by  that  methcMl. 
The  characters  of  the  fungus  can  readily  be  studied  by  proj»fM- 
illumiuation,  without  staining.  The  clubs  have  a  faintly  greenish 
tint,  and  in  form  and  arrangement  are  quite  characteristic  an<l  easily 
re(!ognisal)le.  Permanent  preparations  may  be  made  by  mounting 
the  fungus  in  glycerine. 

Descrifi'ion  of  Stained  Specimens. 

The  fungus  may  be  stained  in  alcoholic  solution  of  eosin  in  the 
manner  to  be  described  for  the  bovine  organism,  or  in  orange-rubin, 
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I'LATE  XV. 
FlQ.  1.— From  a  preparation  of  the  giaios  from  an  actinomycotic  kbsceM  in 
a  bo; ;  examined  in.  glyoerloe.  The  dmwiQg  has  been  made  of  a  com- 
plete ron^tte  examiued  by  focussing  ttnccessivcl^tiic  Ltntntl  and  peiipbei&l 
pottions,  Towartla  tlie  oentre  the  extremities  of  the  clubs  are  alone 
visible ;  they  vary  in  eiie,  and  if  pre&scil  upon  b j  the  dver-glass  give  tlie 
appearance  of  an  insular  mo«ic.  TnwardB  the  peripliery  the  clubs  are 
■eGQ  in  profile,  and  their  cbaracteriatic  (onu  recogniBSd.  At  one  part 
there  are  several  elongated  elementa.compoaedof  separatelinks.  x  1200. 
FiO.  S.^DtfFeient  forms  of  clubE  from  preparations  in  which  the  rosettes  have 
been  flattened  out  by  gentle  pressure  on  the  cover-glass,     x  2500. 

(a)  Single  club,  (ft)  Bifid  t-lub.  (_e)  Club  giving  rise  to  four 
secondary  clubs,  {tl)  Four  claba  connected  tt^etber,  recalling 
tiie  form  of  a  bunch  of  bananas,  (ej  Mature  club  with  a  lateral 
bud.  (/)  Apparently  a  farther  development  dI  the  condition 
represented  at  (e).  (g)  CTub  with  a  lateral  bud  and  transverse 
segmentation.  (A)  Single  club  with  double  iranverse  segmenta- 
tion, (t)  Club  with  oblique  aegmentaticic.  (j)  Collection  of 
four  clubs,  one  with  lateral  gemmation,  unotber  with  oblique 
Eegmentotion.  (*)  Club  with  lateral  buds  ou  both  wdea,  and 
cut  oS  square  at  the  extremity.  {I)  Club  with  a  daughter  clnb 
which  bears  at  it*  estreniity  two  still  smaller  clnbs.  (m)  Clab 
divided  by  transverse  segmentation  into  four  dUtinct  elements, 
(n)  Elongated  clubcomposed  of  several  distinct  elements.  (0)aDd 
(_p)  Clubs  with  terminal  gemmation.  (;)  Palmate  gronp  of  clnbs. 
(r)  Trilobeil  clnb.  {')  l^lnb  with  apparently  a  central  channel. 
(t)  Filament  beiLring  termimiUy  a  highly  rcfriictiveoval  body. 

TLATK    XVL 

Via.  1. — From  a  section  of  a  portion  of  the  growth  renjoved  from  a  boy 
during  lite.  The  tissae  was  hardened  in  alcohol,  and  cut  in  celloidiu. 
The  section  was  stained  by  Oram's  method  and  with  orange. rubin.      ■  50. 

Fio.  2. — From  Ihe  same  section.  A  mass  of  extremely  fine  filaments  occupies 
the  central  part  of  the  roaette.  Many  of  the  fllameats  have  a  terminal 
enlargement.  The  marginal  part  shows  a  palisade  of  clubs  stained  by  the 
orange-rubin.     x  500. 

FlRB.  3  and  4. — From  cover-glaaa  preparalions  of  the  fungus  teased  out  of  the 
new  growths  produced  by  inoculation  of  a  calf  with  pus  from  a  boy 
sqffering  from  pulmonary  actinomycosis,  -Stained  by  Gram's  method  and 
orange-rubin.  The  threads  are  stained  bloe  and  the  clubs  crimson  (a) 
Id  the  younger  clubs  the  tjjrend  can  be  traced  into  the  interior  of  the 
club  (S).  In  some  of  the  older  clubs  the  central  portion  takes  a.  yellowish 
stain,  and  in  others  the  protoplasm  is  not  continued  as  a  thread,  but  is 
collected  into  a  spherical  or  ovoid  or  pear-shaj^ed  ma-s.  In  olliers,  ajrain 
irregnlar  grains  stained  blue  are  scattereil  ibroQphout  the  ctntral  portion 
(Fig.  4).      K  1200. 

FlO.  6.  From  a  pure-ciiltnre  on  glyeerine-agar.  (a)  branching  filaments,  (/-)  a 
mass  of  entangled  filaments.    Gram's  method.      «   1^00. 

Fir.  e.— From  a  similar  but  older  cultivation,  (u)  a  fiiament  with  !,)Mires 
{b)  chains  of  spores  simulating  streptococci.    Oram's  method,     k  1200. 
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and  in  either  case  mounted  in  glycerine.  But  although  the  fungus 
am  be  detected  without  any  staining  process,  there  may  sometimes 
be  doubtful  appearances,  and  then  cover-glass  preparations  should  be 
made  and  stained  by  the  method  of  Gram  with  easin.  The  filaments 
can  be  readily  recognised,  and  this  is  of  great  value,  as  it  forms 
an  additional  means  for  the  diagnosis  of  the  disease.  In  combination 
with  orange- rubin  we  have  a  test  that  is  as  characteristic  and  useful 
as  staining  for  tubercle  bacilli.  The  discharge,  scraping  from  a 
growth,  sputum,  or  the  isolated  fungus  is  squeezed  between  two 
cover-glasses,  which  are  then  sUd  apart ;  they  are  allowetl  to  dry, 
passed  through  the  flame  in  the  oi'dinary  manner,  and  then  stained. 
The  cover-glasses  can  be  cleared  in  clove-oil,  the  excess  of  clove-oil 
being  removed  by  gentle  pressure  between  pieces  of  blotting-paper, 
and  then  the  preparation  can  be  mounted  in  balsam  and  rendered  per- 
manent. On  examination  of  these  specimens  the  masses  of  filaments 
will  be  found  to  be  stained  blue,  and  the  tissue  elements  pink.  Theses 
filaments  vary  very  much  in  extent  and  character  in  different  pre- 
pai'ations.  In  some  cases  there  are  masses  of  short  thread*^,  which 
are  either  straight,  sinuous,  or  twisted,  and  branched.  In  other 
parts  the  field  is  occupied  by  very  short,  straight,  or  curved  and 
sometimes  spiral  fragments ;  in  others,  again,  there  are  comparatively 
long  strands.  On  examination  with  a  high  power,  and  with  careful 
illumination,  some  filaments  will  be  observed  to  be  moniliform, 
while  others  are  provideil  with  a  terminal  oval  body.  There  are 
also  free  spherical,  and  oval,  b<Klies  stainetl  blue,  which  represent  the 
s]X)res  of  the  organism.  When  omnge-rubin  is  used  instead  of 
eonin,  the  clubs  will  be  staineil  and  Ciisily  recognised.  This  method 
enables  one  to  determine  the  exiict  relation  of  the  threads  to  the 
club-shaped  bodies ;  and  this  is  an  interesting  ]>oint,  as  it  has  been 
suggested  that  the  threads  are  not  connected  with  the  clubs,  but  ai*e 
merely  an  adventitious  micro-organism  gix>wing  in  the  track  of  the 
ray-fungus.  The  threads  are  stained  blue  and  the  clu])S  crimson. 
In  the  younger  clubs  the  pi'otoplasm  of  the  thread  can  Ix*  traced  into 
the  interior  of  the  club.  In  some  of  the  ol<ler  clubs  tlie  central 
portion  takes  a  yellowish  stain,  and  in  others  the  protoplasm  is  not 
continued  as  a  thread,  but  is  collected  into  a  spherical,  ovoid,  or 
pear-shaped  mass.  In  othei*s  again,  irregular  grains,  stained  blue,  art* 
scattered  throughout  the  central  portion.  The  sheath  of  tlio  thread 
is  stained  pink ;  and  the  protoplasm,  stained  bhu\  tills  the  sheath,  or 
oonsistB  of  small  spherical  or  irregular  grains,  giving  a  distinctly 
beaded  appearance. 

The  effect  of  various  reagents  should  Ix*  tiitMl  upon  the  isolated 
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'.  The  grains  are  picked  out  oE  the  pus  uad  tiiiiiNfflrred  to 
'lasses  containing  strong  potash,  xylol,  and  bctisol.  If 
1  to  a  slide  and  covered  with  a  cover-glass,  tlic  clubs  lire 
.imltei-ed.  Wat«r  or  weak  potash  wnshca  awiiy  the  clubs, 
filament!)  become  easily  distinguished;  ether  :itid  Btroug 
."e  no  effect  upon  them.  Corailiu  soiio,  HatjsW-iii's  violet, 
ine  /jnc-chloride  fail  to  give  any  p&rticiiliir  reaction, 
n's  blue  stains  the  clubs,  but  witlioiit  bringinj;  out  any 
i-al   detaik  which   could   not  be  observed   in  the   unstained 

tinomyces  bovia. — The  fungus  in  cattle  may  in  the  same 
-jO  dotectwi  with  the  naked  eye  in  the  rauco-purulent  ilischarge, 
scraping  from  the  cut  surface  of  a  gi-owth.     The  tufts  of  the 
I  vary  in  size  under  diiferent  circumstances,  from  thiit  <if  a  grain 
sand  to  that  of  n  pin's  head.      If  tiie  pus  or  scrapiii^r  be  spread 
a  slide  and  examined  against  it  dark  background,  the  grains 
)eftr  t-o  be  white  or  yellowish -white  in  colour  ;  hut  if  examined  by 
asmitted  light,  tbey  appear  distinctly  brownish.     On  pressing  the 
.er-glass  on  the  sliile  the  gnkios  readily  flatten  out,  being  of  a 
tallowy  consiBteuoy ;  or  in  the  process  of  gently  pri'.wing  the 
[atiB  on  the   slide   with  slight   lateral   moreineiit.   :i,   distinct 
iiy  sensation  is  trausmittcii  to  the  linger,  owing  to  tht-  presence 
<a  calcareous    matter.      On    examination    with    a   low    power   the 
fungus  will  be  recognised  in  the  form  of  irregular  patcheK  scattered 
over  the  field,  which   might  readily  be  i-egarded  as  collections  of 
granular  dibrts  of  a  brownish  or  yellowish -brown  coloui',  but  on 
careful   examination   they  are   observed   to   have  a   more   or   less 
characteristic   appearance.      On  examining   with  a  higher  power, 
spberical,    ovoid,  or   reniform    bodies   are   to   be   seen,    which   are 
either    typical   rosettes  of    clubs  or    granular   masses,   with    here 
and  there  a  club-shaped  body  at  the  periphery.     Pus  cell.s,  i-ound 
cells,    fat    granules,   and    minute    spherical    bodies    may   also    l)e 
distinguished.     If   the  grains   consist  of  typical    rosettes,    and    be 
merely  covered  with  the  cover-glass,  and  examined  without  being 
flattened  out  between  the  cover-glass  and  the  slide,  tliey  will  recall 
to   mind,  on  focussing  alternately  the   centre  and   the   [wripliery, 
the  appearance  of  the  capitulum  of  a  composite  flower.     TJie  centi-al 
portion  appears  to  consist  of  spherical  forms;  thase  iiro  the   ex- 
tremities of  the  component  elements,  and  as  we  focus  the 'edge  of 
the  rosette  these  elements  are  seen  laterally,  and  their  characteristic 
club-form   is   readily   distinguished.     The  centr.il   |>ortion    may  be 
flattened  against  the  cover-glass,  and  as  the  individual  clul)S  vary 
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considerably  in  size,  the  appearance  of  an  irregular  mosaic  is  thus 
produced. 

By  pressing  upon  the  cover  we  break  up  the  rosette,  and  then 
the  clubs  are  recognised  either  singly  or  in  pairs,  or  attached  together 
in  the  form  of  wedge  or  fan-shaped  segments.  Calcareous  material, 
if  present,  may  readily  be  demonstrated  by  the  action  of  acids.  It 
will  be  found  that  on  the  addition  of  dilute  hydrochloric,  nitric  or 
acetic  acids,  the  calcareous  deposit  is  dissolved  while  the  clubs  are 
not  affected,  and  even  with  the  addition  of  the  strongest  acids  the 
only  result  will  be  to  diasolve  out  the  calcareous  matter  and  clarify 
the  tufts  of  the  fungus,  the  form  of  the  clubs  being  still  recognisable. 
They  are  not  affected  by  ether  or  potash,  and  thus  the  effects  of 
chemical  reagents  clearly  distinguish  them  from  fat  crystals  or 
calcareous  particles.  By  breaking  up  the  growth  into  small  frag- 
ments, we  may  readily  study  the  shape  of  the  individual  club-like 
elements.  By  using  higli-power  objectives,  and  properly  arranging 
the  illumination,  various  forms  will  be  clearly  delineated.  In  some 
cases  the  club  will  be  found  to  be  bifid  at  the  extremity  ;  in  other 
cases  there  are  lateral  offshoots  or  daughter- clubs.  Here  and  there 
will  be  found  clubs  closely  pressed  together  like  a  bunch  of  bananas, 
and  in  other  cases  the  broken-off  pieces  have  a  palmate  form.  By 
teasing  out  the  grains  in  water,  and  pressing  them  apart  between 
the  slide  and  cover-glass,  we  find  that  the  central  portion  is  com- 
posed, as  a  rule,  of  a  structureless  core.  More  rarely  there  are  the 
delicate  filaments  which  are  found  in  cultures  and  in  the  fungus  from 
man. 

If  the  grains  are  mounted  in  glycerine,  the  appearance  of  the 
organism  in  the  fresh  state  may  be  preserved. 

The  granules  may  be  stained  by  picking  them  out  with  needles 
and  transferring  them  to  a  watch-glass  containing  alcohol,  to  which  a 
few  drops  of  concentrated  alcoholic  solution  of  eosin  have  been  added. 
They  remain  in  the  solution  until  distinctly  stained,  and  they  are 
then  placed  on  a  glass  slide  in  a  di'op  of  glycerine. 

The  muco-pus  may  be  spread  out  into  as  thin  a  film  as  possible 
on  a  cover-glass,  allowed  to  dry,  fixed  by  warming  slightly  over 
the  flame,  and  stained  by  the  method  of  Plaut  or  of  Gram.  The 
characters  of  the  fungus  can  be  so  readily  recognised  in  the  perfectly 
fresh  state,  that  methods  of  staining  are  of  secondary  importance 
in  diagnosis,  though  there  are  certain  minute  points  which  can  only 
be  satisfactorily  determined  by  means  of  suitiible  dyes. 
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Cultivation  of  Actinoiitcbs. 

Boetrom  cultivated  actinomyces  from  five  cases  in  animals,  and 
from  one  case  in  man.  In  all  cases  he  obtained  a  simUar  result. 
The  fungi  were  isolated  from  pus  with  sterilised  needles,  and  placed 
in  liquefied  nutrient  gelatine  in  which  they  were  teased  out,  and  the 
gelatine  then  spread  on  glass  plates.  The  growth  is  stated  to  have 
become  visible  in  a  few  days.  The  fungi  were  isolated  from  the 
plates,  crushed  between  sterilised  glass  slides  and  inoculated  on  the 
surface  of  nutrient  agar-agar  and  blood  serum.  In  this  way  pure 
cultivations  were  obtained.  Nutrient  gelatine  was  not  liquefied. 
The  cultures  in  blood  serum  and  agar-agar  grew  best  at  from  33° 
to  37°  C.  The  track  of  inoculation  gradually  spread  out  during 
the  first  two  days,  having  a  finely-granular,  whiti^  appearance. 
During  tjie  next  few  days  small  yellowish-red  spots  appeared  in  the 
centre  of  the  inoculated  area,  while  the  edge  was  apparently  com- 
posed of  fine  processes.  The  yellowish  spots  continued  to  increase 
for  -about  seven  or  eight  days,  and  became  confluent,  and  the 
periphery  also  was  dotted  with  yellowish-red  points.  Finally,  there 
were  also  isolated  colonies  consisting  of  a  yellowish-red  centre  with 
a  greyish,  downy  periphery.  The  cultivated  fungus,  if  suitably 
stained,  corresponded  exactly  with  that  found  in  human  and 
animal  actinomycosis.  In  the  cultures  during  the  fii'st  two  <lay& 
threads  were  found,  with  true  branchings ;  later  the  threads  were 
divided  into  shorter  pieces  or  roils,  and  when  the  yellowish  centres 
appeared  there  wei'e  also  a  number  of  very  short  rods  and  cocci- 
like  forms.  Bostrom  also  described  atteiiuate<l  cliib-shai)ed  swell- 
ings at  the  end  of  the  threads.  He  concluded  by  saying  that 
Actinomyces  is  not  one  of  the  mould  fungi,  the  central  threads  do 
not  therefore  constitute  a  mycelium ;  he  w^as  inclined  to  regard  it 
as  a  branched  Gladothrix,  and  cultivation  seemed  to  prove  this,  lie 
sugge.sted  that  it  might  be  the  Streptothrix  Forsteri  of  Cohu.  In 
any  case  he  relegated  Actinomyces  to  the  fission  fungi  or  bacteria. 

In  1888  the  author  made  cultures  on  glycerine-agar  from  a  case  of 
human  actinomycosis  of  the  thoracic  wall.  An  abscess  was  opened,  the 
discharge  collected  in  sterilised  tubes,  and  cultivations  prepared  with 
as  little  delay  as  possible.  Some  of  the  discharge  was  spread  out  on 
a  sterilised  ghtss  slide,  and  the  grains  isolated  with  steriliH(?d  needles 
and  quickly  transplantetl  on  tlie  surface  of  the  nutrient  niediuni. 
The  tubes  were  placed  in  the  incubator  at  37°  C,  and  the  result 
watched  from  dav  to  dav.  For  several  davs  there  was  to  the 
naked  eye  no  promise  of  success ;  but  gradually  the  grains  began 
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to  change,  and  by  the  end  of  a  fortnight  there  was  an  appreciable 
increase  in  size.  Numei-ous  cover-glass  preparations  were  made 
from  what  was  originally  a  single  grain,  and  on  examination  by  the 
method  of  Gram  the  appearance  was  very  striking.  There  could  be 
no  doubt  as  to  the  increase  of  the  invcelial  structure.  The  deuse 
masses  of  filaments  covered  almost  the  w^hole  ai-e^i  of  the  pi-eparation. 
In  parts  less  thickly  covered  there  were  very  numerous  oval 
bodies,  and  ixxl-like  segments  with  terminal  enlargements.  These 
** crocus"  forms  con^esponded  with  the  appearances  previously  de- 
scribed as  met  with  in  the  interior  of  certain  clubs.  From  this  it 
^vx)uld  appear  that  some  other  condition  is  necessary  for  the  develop- 
ment of  the  fully  formed  club,  which  is  the  result  of  the  sheath 
undergoing  some  change,  iK)ssibly  mucilaginous,  resulting  in  the 
formation  of  a  thick  investment  of  the  clubbed  mass  of  protoplasm 
■at  the  end  of  the  thread. 

These  club-shaped  bodies  repi'esent  organs  of  fructification,  rather 
than  the  results  of  degeneration  or  death.  Tlie  difficulty  in  accept- 
ing the  view  of  their  being  entii*ely  lifeless  forms  lies  in  the  fact  that 
the  author  has  observed  daughter-clubs  gi'owing  from  the  mature 
clubs ;  and,  further,  in  the  bovine  fungus  the  author  has  been 
able  to  trace  the  stages  in  the  development  of  a  single  club  to  a 
completely  formed  rosette. 

In  the  unstained  condition,  the  clubs  are  foinid,  on  the  whole,  to 
be  very  regular  in  their  form  and  arrangement,  and  by  certain 
fltainiug  methods  they  can  be  shown  to  have  a  somewhat  complex 
structure.  If  we  take  all  the  characters  into  account,  and  par- 
ticularly the  minute  structure  and  the  relation  to  each  other  of  the 
tlireads  and  clubs,  we  are  justified  in  the  opiinon  that  the  club  in 
the  early  stages  is  an  integral  part  of  the  living  fungus,  and  that 
these  characters  bring  the  fungus  into  relation  with  a  higher  group 
of  micro-fungi,  Basidiomycetes,  although  the  filaments,  regarded 
by  themselves,  correspond  with  the  characters  of  Streptothrix.  The 
life- history  of  the  micro-organism  may  l)e  summed  up  thus  : — 

The. spores  sprout  into  excessively  fine,  straight,  or  sinuous,  and 
sometimes  distinctly  spirilliform  threads,  which  bnnich  irre*^ularly 
and  sometimes  dichotomously.  The  extremities  of  the  Ijranches 
develop  the  club-shaped  bodias.  The  clubs  are  closely  packed  to- 
gether, so  that  a  more  or  lass  globular  body  is  formeil,  with  a  ceuti-al 
core  composed  of  a  dense  mass  of  thi*eacls.  The  threads  can  be 
differentiated  by  the  method  of  Gram  into  an  external  sheath,  and 
protoplasmic  contents.  The  club-shaped  Ixxly  externally  appears  to 
be  mucilaginous,  while  internally  it  is  continuous  with  the  protoplasm 
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of  the  thread.  It  is  difficult  to  say  what  further  changes  occur  in 
the  chib-shaped  bodies  ;  in  all  probability  they  repi^esent  organs  of 
fructification.  If  so,  the  protoplasm  in  the  interior  of  the  club  may 
possibly  undergo  changes  leading  to  the  development  of  spores, 
which  are  ultimately  set  free;  in  some  cases  the  terminal  segment 
of  a  club  is  separated  by  transverse  fission  in  the  form  of  a  globular 
body,  a  process  resembling  the  formation  of  spores  by  ab junction. 
In  others,  the  forms  sprouting  from  the  club  are  suggestive  of 
teleutospores.  There  are  occasionally  long,  slender  forms,  very 
different  from  the  ordinary  clubs ;  they  possibly  represent  paraphyses 
or  abortive  elements.  In  whatever  way  they  may  be  formed,  there 
can  be  little  doubt  that  spores  are  set  free  in  the  vicinity  of 
a  rosette,  and  give  rise  to  fresh  individuals;  the  ultimate  result 
recalling,  as  has  been  suggested,  the  appearance  of  "  fairy  rings." 
There  can  be  little  doubt  that  spores  and  young  fungi  are  taken 
up  by  wandering  cells,  and  conveyed  to  a  distance  from  the  parent 
fungus,  and  thus  fresh  centres  of  growth  are  establbhed. 

Appearances  of  cuUwrea, — Bostrom,  Wolff,  Israel,  Paltauf,  and 
others    have    shown    that    actinomyces   can   be   cultivated   in   the 
ordinary  nutiient  media.     More  recently  the  author  has  carried  on 
a  series  of  cultivations  for  some  years  on  glycerine  agar,  gelatine 
and  milk,  broth,   bread-paste,  and  potato,  in  order  to  observe  the 
changes  which  take  place,  and  to  study  the  variations  which  he 
found  in  the  appearance  of  sub-cultiu'es.     The  actinomyces  after  a 
few  days  on  glycerine  agar  at  the  temperature  of  the  blood  forms 
little,  white,  shining,  moist  colonies,  which  may  remain  stationary,  or 
increase  and  coalesce.     In  a  we^k  or  ten  days,  sometimes  earlier,  and 
sometimes  after  sev(?ral  weeks,  the  cultures  turn  a  bright  yellow  colour, 
but  some  remain,  though  white ;  others,  again,  have  a  tinge  of  pink, 
and  others  are  yellowish -browTi  (Plate  XIX).    After  a  time,  a  ix)wdery 
etMoresceiice    makes  its  appearance  on  the  surface  of  the  culture, 
which  may  be  either  yellow  or  white  in  colour.     The  culture  may  go 
on  increasing,  spreading  over  the  sui*face  of  the  medium,  and  retain 
its  yellow  colour,  or  it  may  turn  black  in  parts  or  completely  so, 
while  the  agar  is  coloured  brownish-black.     Cultures  have  a  peculiar 
sour  smell ;  the  variatioiLS  in  cultures  were  all  proved,  by  careful 
testing  by  sub-cultures,  to  Ix^  duo  to  the  growth  of  the  actinomyces 
under  varying  conditions  of  soil,  temperature,  and  the  supply  of  air. 
The  stage  of  efflorescence  corresix)nds  with  the  breaking  up  of  the 
filaments  into  masses  of  cocci,  and  chains  often  closely  I'esembling 
streptococci,     (relatine  is  slowly  liquefied. 

Wolff   and    Israel    cultivated   actinomyces   on   raw   and    boiled 
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Pure-cnltiyatioiii  of  Actbuniiyees. 

These  tubes  were  selected  from  a  great  number  of  cultivations 
in  which  there  were  different  appearances.  In  some  instances  the 
growUis  had  a  faint  tinge  of  pink. 

Fia.  1. — Fore-Giiltivation  on  the  surface  of  potato,  showing  a  laxmiant 
snlphor-yellow  growth  entirely  composed  of  entangled  masses  of  fila- 
ments.   After  three  months*  growth. 

Fio.  2. — Pnre-coltiire  from  the  same  series,  on  glycerine-agar.  In  this  case 
the  culture  remained  perfectly  white.  The  jelly  was  coloured  reddish- 
brown.    After  fifteen  months'  growth. 

Fio.  3. — Pure-culture  on  glycerine-agar  in  which  the  growth  wau  dark- 
brown,  in  parts  black,  and  the  jelly  stained  dark-brown.  After  nearly 
two  years*  growth. 
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eggs,  and  succeeded,  by  inoculation  in  the  peritoneal  caWty,  in 
producing  the  disease  in  rabbits  and  guinea-pigs,  in  the  form  of 
tumours  of  the  peritoneum.  Sauvageau  and  Radiiis  consider  that 
actinomyces  should  not  be  included  with  bacteria,  and  have  suggested 
the  name  Oospora  bovis. 

Preparation  axd  Examination  of  Tissues. 

In  order  to  examine  the  microscopical  appearances,  the  tissues  should 
be  hardened  in  absolute  alcohol  and  embedded  in  celloidin.  The  sections, 
when  stained,  are  to  be  dehydrated  as  a  rule  iu  strong  spirit  instead  of 
absolute  alcohol,  as  the  latter  dissolves  the  celloidin.  If  the  sections  are 
very  friable,  they  can  be  cleared  with  clove-oil  on  the  slide.  By  these 
means  the  little  fungus  tufts,  which  have  a  great  tendency  to  fall  out  of 
the  sections,  may  be  preserved  in  situ  after  passing  through  the  various 
staining  processes.  To  cut  the  sections,  we  can  use  either  Jung's  micro- 
tome, cutting  in  alcohol,  or  the  freezing  microtome.  In  the  latter  case, 
after  the  celloidin  has  hardened,  it  is  necessary  to  shave  off  all  that 
surrounds  the  piece  of  tissue.  It  is  placed  in  water  until  it  sinks,  and 
then  transferred  to  gum,  and  frozen  and  cut  in  the  ordinary  way. 

St<tifiing  Methoda. 

There  are  several  methods  by  which  the  organism  can  be  stained  in 
the  tissues,  but  it  is  best  to  employ  for  this  purpose  Gram's  method  and 
modifications  of  Plaut's  method. 

Gram*8  Method. — By  Gram's  method  the  clubs  in  the  bovine  disease 
are  distinctly  stained,  especially  if  the  sections  contain  the  fungus  at  a 
suitable  stage.  Use  freshly  prepared  staining  solution.  A  few  drops  of 
aniline-oil  are  placed  in  a  test-tube,  which  is  filled  up  with  distilled 
water,  the  mouth  of  the  tube  closed  with  the  thumb,  and  the  mixture 
shaken  up  thoroughly.  An  emulsion  forms,  which  is  then  filtered,  until  u 
perfectly  clear  solution  of  anihne-water  is  obtained.  To  this  is  added, 
drop  by  drop,  an  alcoholic  solution  of  gentian-violet  until  precipitation 
commences.  About  fifteen  to  twenty  drops  in  a  small  capsule  of  aniUne- 
water  will  be  sufficient.  Sections  are  floated  in  this  dye  for  about  ten 
minutes,  then  transferred  to  the  iodine-potassic-iodide  solution  until  they 
turn  brown  like  a  tea-leaf.  They  are  then  decolorised  in  alcohol  ;  then 
stained  in  a  weak  alcoholic  solution  of  eosin,  dehydrated  in  strong  com- 
mercial alcohol,  cleared  in  clove-oil,  and  mounted  in  balsam.  It  will  be 
found  that  the  clubs  are  stained  blue,  and  that  there  is  a  central  area, 
which  is,  as  a  rule,  tinged  by  the  eosin.  There  are  various  modifications 
of  the  method,  and  some  of  them  are  extremely  successful  in  affording 
not  only  a  picture  of  the  fungus,  but  also  the  structure  of  the  surrounding 
tissue.  Very  instructive  results  may  be  obtained  by  combining  the 
method  of  Gram  with  Ehrlich's  histological  staiu.  In  this  case,  after 
the  section  has  been  decolorised  in  alcohol,  it  is  ready  to  be  transferred 
to  logwood  and  treated  as  described  below. 

Weigei'ts  Method. — This  also  gives  very  beautiful  results.    The  sections 
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are  placed  for  an  hour  in  WedrB  solution  of  orseiile,  which  is  prepared 
an  follows  ; — Add  liquid  extract  of  orseiile  1o  a  mixture  of  absolute 
alcohol  20  parts,  strong  acetic  acid  5  parts,  distilled  water  40  parts, 
until  a  dai'k-red  liquid  results.  This  must  be  filtered  before  use.  The 
fiet^tioua  are  left  in  this  solution  for  an  hour,  then  just  rinsed  in  alcohol, 
and  transferred  to  a  solution  of  gentian -violet.  8uch  sections  show  the 
nuclei  of  a  violet-blue  colour,  and  the  peripheral  pitrt  of  the  central  core 
in  the  larger  masses  of  the  fnngus  also  takes  a  blue  colour,  while  the 
club-shaped  strnctures  are  stained  a  striking  wine-red  colour, 

P!nril'»  Mfthod  ami  .M-jdiJiaili'jiiK.—Th'w  is  one  iif  the  moat  valuable 
methndn  for  staining  the  clubs.  The  original  method  was  to  float  sections 
for  ten  minutes  in  magenta  solution  warmed  to  46"  C.  This  solution 
consisted  of  magenta  two  parts,  aniline-oil  3  parts,  alcohol  of  specitio 
gravitj-  (J  830,  2(1  parts,  distilled  water  HO  parts  (Gibbes).  The  sections 
were  then  rinsed  in  water,  stained  in  concentrated  alcoholic  solution  of 
picric  acid  for  from  five  to  ten  minutes,  immersed  in  water  five  minutes, 
olj  percent,  alcohol  fifteen  minutes,  passed  through  absolute  alcohol  and 
clove-oil,  end  preserved  in  Canada  balsam.  The  clulw  are  staint'd  a 
brilliant  red  and  the  tissue  jellow.  Instead  of  emplojing  the  magenta 
solution,  we  now  use  Ziehl-Neelsen's  solution. 

Bf  removing  the  picric  acid  in  Plaut's  method  by  prolonged  immersion 
in  alcohol,  and  then  staining  with  gentian- violet  or  methylene- blue,  a 
very  successful  contrast  can  be  obtained.  The  most  instructive  histo- 
logical picture  can  be  obtained  by  first  staining  with  Neelaen's  solution, 
removing  the  stain  front  the  tissue  in  the  way  that  has  been  already 
described,  and  then  transferring  the  sections  to  distilled  water,  and 
subsequently  staining  with  Ghrlicb's  histological  stain. 

EhrliS<\  Xe,c  IlUt;U>!,h-nl  Sftn".— This  is  a  combination  of  Ehrlich's 
logwood  with  orange-rubin.  It  is  of  especial  value  for  sections  of 
actinomycosis,  and  particularly  in  combination  with  carbolised  fuchsine. 
It  is  employed  in  the  following  way  :— The  sections  muat  be  placed  in 
alcohol  or  distilled  water,  and  then  in  Ehrlich's  logwood  for  about  half 
a  minute.  From  this  solution  they  are  transferred  to  distilled  water, 
washed  to  remove  the  excess  of  stain,  and  then  placed  in  a  large  dish  of 
tap-water,  where  they  are  left  for  half  an  hour  or  more,  until  the 
sections  turn  blue  ;  if  preferred,  they  may  be  left  overnight.  They  are 
then  stained  for  one  or  two  minutes  in  a  solution  of  rubin,  S,  and 
orange,  and  washed  again  in  distilled  water  to  remove  the  excess.  They 
must  then  be  dehydrated  in  alcohol,  clear^  in  clove-oil,  and  mounted  in 
balsam. 

Prfpnralioii  of  Lnrtjr.  Sfclionii. 
The  method  of  cutting  large  sections  of  organs  may  be  employed 
in  studying  actinomycosis.  The  value  of  these  sections  depends  not 
only  upon  their  affording  an  instructive  picture  of  the  naked-eye 
appearances,  but  they  can  also  be  studied  with  a  pocket  lens,  or  under 
the  microscope  with  a  J  or  J-in.  objective.  By  staining  the  sections,  the 
relation  of  the  morbid  to  the  healthy  structures  is  brcmght  out  in  gi-eater 
Lnd  thus  the  topography  of  the  disease  can  be  studied  more 


DESCRIPTION    OF    PLATES    XX.    AND    XXI. 

Aotinomyeosii  Bovis. 

PLATE   XX. 

Fig.  ].— From  a  seotloii  of  an  aotinomyootic  tongoe  stained  by  the  triple 
method  (Ziehl-Neelsen,  logwood  and  orange-rabin).  In  this  section  the 
separate  oentres  of  growth  are  dearly  shown.  Bach  neoplasm  consists  of 
a  fnngos  system,  in  which  the  masses  of  the  fongns,  situated  more  or  less 
centrally,  are  surrounded  with  round  cells,  epithelioid  cells,  sometimes 
giant  cells,  and  lastly  fibrous  tissue  forming  a  more  or  less  distinct 
capsule.     In  parts  the  fungi  have  fallen  out  of  the  section,      x  50. 

Fio.  2. — From  a  section  of  a  *' tubercular**  nodule  from  the  lungs  of  a 
Norfolk  heifer  with  pulmonary  actinomycosis.  The  nodule  is  a  multiple 
growth  surrounding  a  bronchus,  and  is  enclosed  by  a  capsule,  in  the 
vidnity  of  which  the  pulmonary  alveoli  are  compresBed.  It  is  composed 
of  a  number  of  separate  neoplanns,  and  each  of  the  latter  is  composed  of 
secondary  centres  of  growth  resembling  the  giant  cell  systems  of  bacillary 
tuberculosis.  The  new  growth  is  composed  of  ray-fungi,  large  multi- 
nucleated cells,  sometimes  distinct  giant  cells,  round  cells,  epithelioid  cells, 
iand,  surrounding  them,  fibrous  tissue.  On  examination  of  the  &ame 
specimen  with  a  higher  power  the  typical  rosettes  of  clubs  are  sometimes 
surrounded  by  multinudeated  cells,  and  sometimes  small  rosettes  are 
found  like  tubercle  bacilli,  in  the  interior  of  giant  cells.  From  a  pre- 
paration stained  by  Ziehl-Neelsen,  logwood,  and  orange-rubin.    x  50. 

PLATE  XXI. 

Fio.  1. — (a)  A  leucocyte  containing  the  fungus  in  its  earliest  recognisable 
form,  (b)  A  large  multinucleated  cell  containing  the  fungus  in  an  early 
stage  with  the  club-form  already  visible,  (c)  A  leucocyte  containing  a 
small  stellate  fungus,  (d)  A  laige  cell  containing  clubs  arranged  in  a 
small  rosette,  {e)  A  multinucleated  cell  with  clubs  arranged  in  a  palmate 
form.  All  the  above  are  drawn  from  sections  of  actinomycotic  tongues 
stained  by  the  triple  method,     x  500. 

Fig.  2. — A  g^iant  cell  with  large  vesicular  nuclei  at  the  periphery,  and  in  the 
centre  a  fully  formed  rosette  of  actinomyces  with  a  smaller  growth  within 
a  *'  daughter "  cell.  From  a  section  of  the  tongue  of  an  ox  stained  by 
the  triple  method,     x  500. 

Fio.  3. — A  very,  large  circular  giant  cell,  with  its  ring  of  nuclei  at  the 
periphery,  enclosing  several  isolated  tufts  of  actinomyces.  From  a  section 
of  a  nodule  in  the  lung.    Stained  by  the  triple  method,     x  500. 

Fig.  4. — Three  rosettes  of  actinomyces  surrounded  by  a  row  of  large,  some- 
what angular  multinucleated  cells.  From  a  section  of  the  tongue  of  an 
ox  stained  by  the  triple  method,     x  430. 
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minutely  than  by  simply  obserying  the  cut  surfaces  of  organs  or  growths. 

^nd,  farther,  it  affords  a  means  of  rendering  permanent  many  of  the 

iDstructive  appearances  observed  at  the  autopsy,  without  preserving  the 

-whole  stmcture  in  the  form  of  a  museum  specimen.     Very  satisfactory 

X'esults  can  be  obtained  with  material  hardened  either  in  spirit  or  Miiller's 

^uid.    The  fresh  material  is  cut  with  a  large,  very  sharp  knife  into  slices 

^mbout  a  quarter  of  an  inch,  or  less,  in  thickness.     These  slices  are  placed 

"SiTetween  filter>paper  in  large  porcelain  dishes,  such  as  are  employed  for 

^[photographic  purposes,  and  well  covered  with  the  hardening  solution, 

^wrhich  should  be  frequently  changed.     By  covering  the  slice  with  a  small 

^^heet  of  glass,  which  is  lightly  weighted,  any  curling  or  turning  up  of  the 

^^dges  is  prevented,  and  the  slice  not  only  kept  flat,  but  hardened  with 

^^mooth  surfaces.     Several  weeks  are  required  for  hardening  in  Muller's 

^^uid.     The  slices,  after  a  short  time  in  water,  are  placed  in  gum,  and 

.hen  frozen  and  cut :  the  slices  which  are  hardened  in  alcohol  are  soaked 

water  until  all  trace  of  the  spirit  has  been  removed.     A  large  micvo- 

-fcome  on  the  Bruce  model  is  used  to  freeze  and  cut  the  sections.     But  in 

-^some  cases  it  will  be  found  better  to  embed  the  slices  in  celloidin,  and 

<«2ut  under  alcohol  with  a  large  microtome  of   Jung's  pattern.      The 

'ejections  are  carefully  removed  from  the  blade  of  the  knife  with  a  large 

<:amer8-hair  brush,  and  in  the  case  of  frozen  sections  floated  in  water. 

The  next  process  is  to  float  a  section  out  in  spirit,  and  with  the 
camel's-bair  brush  to  unfold  it  and  spread  it  out  on  a  sheet  of  glass. 
The  glass  with  the  section  is  lifted  out  and  examined,  and  if  the  section 
is  sufficiently  thin,  transferred  to  the  staining  solution.  In  the  same 
way  the  section  is  passed  through  the  various  stains,  as  it  should  be 
prevented  from  rolling  up  or  folding  in  the  dye.  or  it  may  not  be  evenly 
stained  throughout.  Modifications  of  this  process  will  suggest  them- 
selves, such  as  pouring  off  the  dye  and  leaving  the  section  spread  out  at 
the  bottom  of  the  dish,  and  then  using  the  same  dish  for  the  next 
process.  The  sections  are  so  easily  injured,  that  it  is  better,  as  much  a.s 
possible,  to  avoid  handling  them.  If  the  sections  are  only  a  few  inches 
in  diameter,  such  as  transverse  sections  of  the  anterior  portion  of  the 
tongue  of  an  ox,  they  can  readily  be  transferred  from  dish  to  dish  by 
means  of  a  large  spatula,  made  by  soldering  a  piece  of  sheet  German 
^Iver  to  thick  copper  wire. 

To  stain  them  employ  carbolised  fuchsine  and  picric  acid,  or  alum 
cochineal,  or  logwood  and  orange-rubin.  The  processes  of  staining  are 
precisely  the  same  as  with  ordinary  sections  :  but.  from  their  unusual 
aise,  experience  and  practice  are  required  in  their  manipulation. 

When  the  section  is  dehydrated,  it  is  ready  to  be  cleared  in  clove-oil. 
The  glass  on  which  it  is  to  be  permanently  mounted  should  be  selected 
without  scratches  or  flaws,  and  thoroughly  cleaned  and  polished.  It  i< 
slipped  under  the  section,  which  is  evenly  spread  out  upon  it.  and  then 
lifted  out  of  the  dish.  The  excess  of  spirit  is  drained  off.  the  gla.ss 
placed  on  a  level  surface,  and  clove-oil  poured  on  the  section.  It  Ls  left 
mitil  completely  clarified  :  the  clove- oiL  as  much  as  possible,  drained  off. 
and  the  rest  entirely  removed  by  gentle  pressure  with  several  thicknesses 
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of  best  Slt«r-paper.  la  thix  way  several  large  sectioDH  can  be  cleared  at 
tb«  same  time.  But  when  onJy  one  or  two  aections  are  dealt  with,  thev 
are  cleared  in  clovo-oil  in  a  dish,  and  the  mounting  glaiui  at  thin  Hta^e 
passed  underueath  them  ax  already  described.  Another  plan,  which  will 
Le  found  of  advantage,  is  as  follows  :— A  piece  of  eleau.  thick,  filter-paper 
rather  larger  than  the  tiection,  in  slipped  underneath  it.  aud  then  raised 
with  the  Hectiou  upua  it.  After  allowing  the  excess  of  clove-oil  to  drain 
back  into  the  dish,  it  is  oarefully  laid  on  the  glass  with  the  section  down- 
wards, and  gently  presaed  down.  By  taking  up  a  corner,  the  filter-paper 
in  peeled  off,  and  the  suction  left  behind  on  the  glass.  Any  crea«e*  or 
folds  are  adjusted  with  needles.  After  removal  of  the  oiove-oil,  iialsam 
is  run  over  the  soolion.  and  a  oovcr-gla.'u  gently  and  dexterou.sly  lowered, 
ao  as  to  avoid  the  presence  of  air-bubbles.  The  preparation):  are  Ret  aside 
to  harden  in  a  warm  pboe  and  ou  a  level  surface,  and  are  then  ready  for 
fixing  in  suitable  frames. 

Snkrd-rjif  A/'/ieai-'iiirf  r,f  Liiriit  SerlhiM. 

In  the  8«otions  of  an  actinomycotic  tongue  it  is  at  once  apparent  that 

the  new  growth  is  more  or  lesw  limited  to  the  periphery  of  the  section. 

In  parts  there  are  dense  clusters  of  little  nodular  neoplasm!!,  Ihf  /imj/ag 

.    Mgtlemi,  each  having  a  rounded  form,  and  averaging  in   size  that  of   a 

I'miaU  pea.     In  other  parts  small  nodules,  varying  in  size  from  a  millet- 

1  aeed    to   a   hemp-seed,  have  a  linear  arrangement   between  bundles   of 

mnscnUr  fibres.     The  appearance  is  suggestive  of  an   invasion   of   the 

tongne  along  the  lymphatics. 

In  many  of  the  nodules  the  largest  tufts  of  the  fungus  oati  be  Keen, 
with  the  naked  eye.  to  occupy  a  more  or  less  central  position.  In  parts 
the  muscular  fibres  are  replaced  by  fibrous  tissue. 

If  now  these  sections  be  placed  under  the  microscope,  the  minute 
Btrnctnre  may  be  eiamined  ;  but  aa  it  is  obvinua  that  still  better  resalts 
may  be  nbtainod  by  small  sections,  any  pitrt  wbicta  it  is  necessary  to 
examine  with  high  powers  can  be  selected  from  a  corresponding  part  of 
the  growth,  and  prepared  in  the  ordinary  way. 

In  the  case  of  a  "wen,"  the  whole  growth  can  be  eicised  with  the 
«iirrounding  tissues,  sliced  and  treated  in  the  way  already  described,  and 
sections  stained  by  different  methods. 

The  nature  of  the  growth  is  at  once  recognisable  aa  actinomycosis, 
from  the  characteristic  honeycombed  appearance  produced  by  the  tratieculas 
of  fibrous  tissue  which  form  a  spongy  structure,  from  the  loculi  of  which 
the  fungus  tufts  and  c&aeoua  matter  have  for  the  most  part  dropped  out, 
In  other  parts  this  structure  is  intact,  and  the  tuftn  of  the  fungus  can  be 
detected  with  the  naked  eye,  and  readily  recognised  with  a  pocket  lens. 

A  fungus  system  may  be  studied  more  minutely  in  ordinary  sections 
of  the  tongue.  Each  nodule  is  composed  of  the  actlnomyces  surrounded 
by  round  cells  and  epitheloid  cells,  and  fibrous  tissue  which  often  forms 
a  distinct  capsule.  In  some  specimens  the  fungus  is  surrounded  by  a 
tingle  row  of  large  multinucleated  cells,  and  in  other  specimens  the 
fungus  is  found  in  the-  interior  of  large  oval  giant-cells. 


ACTINOMYCOSIS.  443 

Transmission  of  Actinomtcosis  from  Man  to  the  Lower  Animals. 

Inoculation  of  cultures  has  already  been  referred  to.  The 
author  successfully  inoculated  a  calf  with  material  direct  from 
a  living  patient. 

A  calf  which  had  been  inoculated  in  the  peritoneal  cavity,  and 
killed  seventy  days  aften^'ards,  presented  the  following  lesions.  The 
peritoneum  of  the  rumen,  in  the  vicinity  of  the  seat  of  inoculation, 
was  studded  with  hundreds  of  growths,  varying  in  size  from  a  millet- 
seed  to  a  pea.  The  large  gi-owths  were  composed  of  several  small 
ones  collected  together.  On  stripping  off  the  peritoneum,  and  holding 
it  between  the  light  and  the  eye,  the  fungus  could  be  seen  with 
the  naked  eye  in  each  individual  growth.  By  incising  a  growth, 
and  examining  a  scraping  under  the  microscope,  the  characteristic 
clubs,  and  the  filaments  also,  were  found  to  be  present.  By  staining 
cover-glass  preparations  wath  the  method  of  Gram  and  orange-rubin, 
the  appearances  were  very  striking.  The  clubs  were  conspicuous  on 
account  of  their  size,  and  brilliantly  stained.  In  many,  the  proto- 
plasm of  the  thread  was  demonstrated  in  the  interior  of  the  club. 
In  sections  of  the  peritoneal  nodules  stained  by  Gram's  method 
the  mycelium  was  found  to  be  present,  and  the  clubs  in  part 
took  the  stain.  With  Plant's  method  the  clubs  were  most  clearly 
demonstrated. 

Israel  and  Johne  failed  to  infect  a  calf  by  intravenous  injec- 
tion, and  Ponfick  failed  to  infect  dogs,  but  Israel  succeeded  with 
a  rabbit.  Israel  obtained  a  small  piece  of  actinomycotic  gi-anula- 
tion  tissue  from  a  peri-pleural  abscess  in  a  patient  with  primary 
disease  of  the  lung,  and  introduced  it  into  the  peritoneal  cavity. 
The  rabbit  showed  no  sign  of  illness,  and  was  killed  about  ten 
weeks  afterwards.  On  examination  numbers  of  tumours  were 
found  in  the  abdominal  cavity,  varying  in  size  from  a  hemp-seed 
to  a  cherry.  Larger  ones  had  a  somewhat  nodular  surface  with 
yellowish  points ;  others  were  found  on  the  abdominal  wall  on 
the  right  side.  There  was  a  small  growth  over  the  psoas  muscle, 
and  one  large  one  attached  to  an  adhesion  of  the  colon.  The 
growths  were  on  the  peritoneum,  or  attached  by  longer  or  shorter 
adhesions.  Some  of  the  larger  tumours  showed  on  section  a  hollow 
space  in  the  centre,  which  was  filled  with  a  pulp,  the  result  of 
fatty  degeneration  of  the  transplanted  tissue,  which  was  shari^ly 
differentiated  in  colour  and  consistency  from  the  new  growths.  The 
latter  consisted  of  granulation  tissue  with  abundant  formation  of 
fat  granules,  blood  pigment,  acicular  fat  crystals,  and  actinomycotic 
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grains.  From  uomp  of  t!ie  tumoors,  radinting  processes  of  jl  yellonnsb 
colour  peneti-nteij  into  tbe  retro- peritoneal  tLtsue. 

Rotter  inoculated  calvesi,  pigs,  giiinea-piga,  .and  rabbits.  In  one 
case  he  hwl  a  positive  insult.  A  piwie  of  actiuomj-cotic  growth  was 
inti-oduced  into  tbe  peritoneal  uivity  of  n  rnbbit.  The  unimnl  waJH 
killed  six  months  uftei'wai'ds,  and  the  piece  of  tLsKue  whicli  had  beea 
introduced  wan  found  to  be  encapsuletl,  and  around  it  wei-e  twenty 
tumour.s,  fi-om  the  site  of  a  pin's  head  to  that  of  a  hazel-nut, 
containing  the  ray-fun  g  lis. 

The  author  also  succeeded  in  tranemitting  the  disease  to  a  iiihbit. 
A  small  quantity  of  human  pus,  containing  the  yellow  gmins,  wiis 
diffused  in  broth,  and  injected  with  a  hypo<leniiic  syringe  into  the 
abdominal  cavity  of  a  rabbit.  This  rabbit  tlied  seventy-nine  days 
Afterwards.  On  examination  several  noilules  were  found,  about  the 
sixe  of  a  millet-seed,  on  the  peritoneum  of  the  stomach,  in  the  gasti-o- 
gplenic  omentum,  and  on  the  peritoneum  of  the  diaphi'agm.  Thei-e 
was  a  iwiuded  uodide,  alxint  the  size  of  a  pea,  attached  to  the 
stomach.  There  were  adhesions  lioti?eeu  the  intestines,  and  a 
tumour  about  the  size  of  a  murble  attaclied  to  an  adheRion  of 
the  cfBcum.  One  of  the  small  nodules  was  exciifod  and  divided,  and 
^  the  scraping  from  the  interior  contaiueri  typical  rosettes  of  clubs. 

The  HUCCfeisEul  transmission  of  actinomycosis  from  man  to  bovinea 
suggests  iutwcomminiicjbility,  though  the  negative  tviilence  us  to 
infection  of  man  from  bovinee  supports  the  view  that  the  disense 
is  derived  from  aome  source  which  is  common  to  l>oth  species. 


TitANaMISBION    OF   ACTINOMTCOSIB   FROM    CaTTLE  TO  CaTTLE. 

Johne  was  the  firat  to  prove  that  actinomycosis  could  be  trans- 
mitted from  cattle  to  cattle,  and  his  re.'iiitts  were  ci>nfirmed  and 
extended  by  Ponfick. 

A  calf  was  inoculated  subcutaneously  in  the  neck  and  cheek, 
in  tlie  gum,  and  the  abdominal  cavity.  The  animal  die<l  in  forty 
days  after  inoculation  with  development  of  actinomyca>iis. 

A  calf  was  inoculated  in  the  cheek  and  abdominal  ca\-ity.  DeatJi 
occurred  1 14  days  after  inoculation.  In  the  peritoneal  cavity 
niimerous  tumours  had  formed,  and  the  yellowish  gniins  were  visible 
to  the  naked  eye  in  sections  of  the  new  growth. 

A  cow  in  calf  was  inoculated  in  the  left  posterior  quarter  of  the 
udder  ;  phlegmonous  mastitis  followed,  and  subsided  leaving  ii  small 
induration,  which  then  increased  until  the  inoculated  part  of  tbe 
udder  was,  in  three  months,  nearly  double  the  normal  sixe,  from  a 
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deposit  reeembliug  a  (ibi-ouia.  The  cow  was  ulaiightered  133  days 
after  inoculation.     Typical  actiiiomycosis  had  been  proiliiced, 

A  (-"ult  tliree  and  »  half  years  old,  was  inoculated  in  the  jaw 
and  in  the  forehead  after  trephining,  and  also  in  the  trachea.  The 
animal  died  witbnnt  any  result. 

Ponfick  also  conducted  a  series  of  experiments  which  amply 
confii'ined  the  insults  whicli  had  been  obtained  by  Johue. 

Feeding  ExperimenU-^Repeated  experiments,  made  with  masses 
of  the  growth  chopped  up,  or  with  isolated  grains  of  the  fungus,  gave 
negative  resulte. 

Inoeuialion  Experiinenia. — The  gi-owth  was  inoculated  in  various 
regions  of  the  body.  Small  particlea  of  the  growth  from  quite  fresh 
tumours  were  introduced  into  the  anterior  chamber  of  the  eye  in 
rabbitN,  with  negative  results.  Babbits  were  inoculated  in  the 
peritoneal  cavity  from  nn  animal  recently  slaughtered,  but  they 
tUed  of  peritonitis.     In  dogs  also  the  results  were  negative. 

Seven  calves  were  operated  on.  In  five  the  abdomen  wits  opened 
with  antiseptic  precautions,  and  in  two  cases  the  growth  was 
introduced  by  injection.  In  the  latter  cases  the  pieces  of  tumour 
ivere  suspended  in  salt  solution,  but  the  animals  died  from  peritonitis 
a  few  days  after  the  injection.  The  same  result  occurred  in  two  out 
of  the  five  cases  in  which  the  abdomen  was  opened.  The  three 
remaining  cases  gave  the  following  results  :^ 

1. — Pieces  of  tissue,  about  IS  cm.  long,  were  taken  from  the 
lower  jaw  of  a  recently  killed  ox.  Twehe  of  these  pieces  were 
introduced  into  the  peritoneal  caWty;  death  occurred  after  266 
days,  from  exhaustion  and  i-ecent  lohukr  pneumonia.  At  the  post- 
moi-tem  examination  several  patches  of  peritonitis  were  found,  with 
encystment  of  the  remains  of  fragments  of  the  inoculated  tissue, 
but  there  was  an  independent  development  of  several  nodules  in  the 
neighboiu'hood  of  the  stomach  and  urinary  bladder.  Examutation 
of  these  new  foi-mations  showed,  even  to  the  naked  eye,  that  they 
contained  yellowish  grains,  which,  on  further  examination,  proveil 
to  be  the  fungi. 

2. — Ten  pieces  of  tumour  from  the  jaw  of  a  cow  were  iutroduceil 
as  before;  the  calf  died  suddenly  sixty  days  afterwarde,  during  the 
injection  of  fresh  pieces  of  actinomycosis  into  the  jugular  vein.  At 
the  post  mortem  it  was  found  that  various  adhesions  had  occurred, 
as  the  result  of  peritonitis ;  and  in  the  false  membranes  there  were 
sixty -three  nodules,  varying  in  size.  Microscopical  examination 
shuweil  that  all  these  nodules  consist^l  of  typical  aatinomyootic  new 
formation. 


'146  ISFEITIVE    PTSEASES. 

3. — lu  thia  case  twelve  piecen  of  growth  were  intiixliiced  into 
tike  Abdomen  of  a  calf  «glit  weeks  okl.  Seven  dxys  afteru'anis  fresh 
[lieces  were  iTitrodueed  under  the  akin,  in  the  region  of  ^the  left  lower 
jaw.  A  swpUiug  occurred,  which  was  opened.  Pun  escaped, 
together  with  the  material  which  h'ld  been  used  for  iiioculution,  in 
(I  state  of  decomposition.  Pieces  of  tumour  were  iiiocuhtt«d  Mib- 
cutaneously  ia  the  neighboiirhoo«l  of  the  right  side  of  ihe  ne«k, 
uinety-nine  diij's  iifter  the  first  experiment.  The  nuimal  was  bled  to 
death  seven  months  (210  dsys)  after  the  first  eaperimeut.  At  the 
]>oat  mortem,  i)eritouitia  and  adhesions  wei-o  found,  with  twentj'-'ine 
liirge  and  several  siuhII  noduleii  in  the  me."iBntery,  in  the  false  mem- 
branes between  the  viscera,  and  on  and  in  the  serous  linings  of  most 
<if  the  abdominal  organs.  Tliere  were  also  several  large  and  many 
jjinall  tumours  in  the  subcutaneous  and  intermuscular  tissue,  in  the 
region  of  the  lower  jaw  and  nock  on  the  right  side,  and  numeroua 
large  and  small  uoilules  in  both  hings,  some  undergoing  softening 
in  the  centre.         • 

Isolated  fungi  wei-e  inoculated  in  dog.s,  with  negative  resulta, 
nothing  remaining  after  45  to  80  duys,  except  a  thick  emulsion. 

Pieces  of  tumour  were  introduced  in'  the  submucous  and  sub- 
cutaneous tissue  of  dogs,  but  no  change  occurred  after  600  days. 

In  a  calf,  inoculation  under"the  gum  of  the  upper  jaw  showed 
wjiat  wrtH  possibly  only  the  remains  of  the  growth  which  hud  been 
inli-mhu^d.  At  any  rate,  the  experiment  was  doubtful  ;  but  in 
a  second  crtll'  there  wei'e  number.*  of  iioilules  dovelopod  iiround 
the  points  of  inoculation  in  the  subcutaneous  and  muscular  tissue 
in  the  neighbourhood  of  the  lower  jaw,  and  in  the  region  of  the 
neck.  The  results  were  observed  in  these  i-egious  in  210  and  110 
days  respectively. 

Inoculation  of  rabbits  and  dogs,  with  isolated  fungi,  [a-oduced 
no  results  after  156,  165,  and  170  days.  Experiments  on  <!ogs, 
with  grains  from  a  human  source,  were  also  unsuccessful.  They 
were  examined   aft«r    470  days,   and   there    wa.s   no   sign   of   any 

After  intravenous  injection,  positive  results  were  discovered  ui 
the  only  calf  which  sur\'ived  this  operation,  on  bleeding  tjie  animal 
to  death  110  days  afterwai-ds.  Numerous  nodules  (27)  were  dis- 
covered in  the  parenchyma  of  both  lungs,  without  suppuration. 

Two  dogs  were  injected  in  the  jugular  vein  with  isolated  fungi 
mixed  with  60  grammes  of  salt  solution.  Examined  after  45  and 
80  days  respectively,  the  lungs  and  all  the  other  organs  were  found 
to  be  free  from  growths. 
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Ponfick  thus  siimJuarised  these  experinients  with  the  lumiie 
fungus  :— 

1.  Rabbits  aud  dogs  possess  a  market]  immunity  from  artino- 
inynosia,  whether  pieces  of  tumour  or  isolnted  griiins  ure  administereil 
liy  feeding,  or  by  inoculation  in  the  serous  ca\'ities,  in  thesiiiicutaneoua 
or  submucous  tissue,  or  by  inti'a venous  injection. 

'2.  The  most  common  subject  of  actinumycuaie,  the  cow,  posseesea 
n  lint  loKs  marked  susceptibility  to  the  artificial  prodnction  of  the 
<list<aBe.  By  feeding,  an  infection  was  not  obtained,  probably 
because  the  mucous  membi-ane  liad  not  been  injured ;  but  by 
ino<mlittion,  on  the  contrary,  an  independent  growth  of  fresh 
neoplasms  was  produced  in  the  subcutaneous  and  inter  muscular 
tissues,  occasionally  in  the  submucous  tissue,  aud  in  a  decided 
manner  in  the  abdominal  cavity.  Clear  evidence  of  this  growth 
is  obtained  in  K)me  cases  within  a  month,  nr  after  three  or 
four  months. 

3.  By  intravenous  injection,  also,  it  is  poBsible,in  a  few  months 
to  cause  typical  new  growths  i:i  the  Itings. 


MiDiTRA  Disease. 

Mycetoma,  or. Madura  foot,  is  a  ghi-onic  local  diseiise,  attacking 
chiefly  the  hands  and  feet,  and  having  considerable  resemblance  to 
actinomycosis.  It  is  a  disease  of  tropical)  climates,  aud  is  commonly 
known  as  the  *' fungus-foot  disease"  of  India.  A  small  tumour  forms 
im  the  hand  or  foot,  which  aft«r  a  year  or  two  suppurates  and 
bursts,  leaving  one  or  moi-e  .sinu.ses,  from  which  peculiar  black 
particles,  or  white  or  pinkish  J\ie-like  bodies,  are  discharged. 

The  disease  in  the  foot  may  commence  in  the  big  toe  and  spread 
upwards,  involving  the  leg  as  far  as  the  knee,  and  even  the  thigh. 
In  a  typical  ca«e  the  toot  is  enlarged  and  painful,  and  later  there 
are  several  sinuses  from  whicli  a  purulent  and  blood-stained  discharge 
can  be  expressed,  containing  the  charactemtic  particles. 

According  to  Bocarro  all  early  growths  are  superficial.  Dissec- 
tion of  the  growths  during  an  operation,  or  sections  made  through 
the  diseased  ti.ssues  after  escision  or  amputation,  show  that  the 
disease  begins  generally  in  the  loose  cellular  tissue,  generally  the 
subcutaneous  tissue,  and  thence  extends  along  the  sheath  of  muscles 
nnil  tendons  to  other  soft  ti.ssues,  and  finally  the  bonee. 

There  are  several  facts  in  connection  with  the  causation  of  tlie 
disease,  which  ure  of  great  intei'est  when  it  is  compared  to  actino- 
niyemis  in   cattle.     BucaiTO   states   that  the   ilisease  originates   in 
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wuundtt,  sores  and  prk'ke  of  tliiu-ns,  iinil  tlint  Uip  points  of  Ihn 
tliuriis  oS  tlie  Aonda  Arabiea  Imvo  been  fotitid  cmbediliMl  iii  tin- 
iliticiistMl  piirte.  The  (license  is  coiniuoii  muuiig  Uio  ogHciittiiml 
ckeu,  mill  iu  DO  [>er  o«<nt.  of  the  i^aHfu  oWrceil  iu  tht!>  HjdentlMil 
Civil  Ilospitul  it  occHri^d  in  tlie  liuuds  ami  foet. 

Vandyke  Carter  was  tliu  first  Ui  inmil  out  Uif  R««iublaiic«  lo 
»cU];iouiyi;uHia,  and  lie  believed  that  llie  two  viiHtititti  of  the  (lia«ais«. 
tUe  black  and  the  white,  were  tbe  result  of  tbu  grawth  uf  n  uiycelial 
fuu^uH,  VhUmtiyht  CarUri. 

Kuutluok  puuited  out,  tliat  if  portjons  of  the  growth  w«rv 
jiUced    iu   ether  or    Rlilurcjfiinn,   ntid    aftorwai'dii  well    wuflhed    iu 


cauntii!  |iotM!iU,  hiuuII  roiiuded  bodies  were  left,  which  Mliowvtl  my» 
under  the  tuicroecope  closely  reflembling  the  ap|>earaiices  ui  actiiiA' 
mycosis,  nnd  tbitt  the  reaction  of  the  fungus  to  staiiitDg  reageutK 
wne  iilentienl  witti  aetinuniycee.  Hewlett  exituiiued  ^ectioua  from 
the  disendp  in  the  foot,  and  nlsii  found  IlLauieuts  and  clnbii. 
Boyop  and  Survpyor  exaitiined  a  numbor  of  cam»,  and  care- 
fully studieil  the  fungus  in  the  black  ami  white  varictioM  of 
the  disease.  In  the  black  variety  the  |>nrticlos  were  found  to 
vary  gi-eatly  iu  em\  from  that  of  a  grain  of  gunpowder  to  that 
of  a  uurblc.  If  the  |mrliclea  wei-e  boiled  for  from  a  few  tnimitw 
I  hour  in  coiicuiit rated  caustic  |>otaah,  and  then  ti-ansferred 
I  lUslillixt  water,  tliv  brown  odotiriug  uutter  wuft  removed  atid  u 
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mycelial  fungiis  could  be  seen.  If  tissue,  containing  particles,  was 
washed  for  about  a  minute  in  eau  de  Javel  and  then  stained,  the 
colouring  matter  was  removed,  and  the  relation  of  tlie  fungus  to 
the  tissue  could  be  observed.  Tliis  fungus  consisted  of  large  radiating 
and  branched  hyphas,  like  those  of  a  sj^ecies  of  aspergillus,  or  mucor. 
Sections  of  the  white,  fish-roe  bodies  showed,  usually  in  the  centre, 
numerous,  small,  reniform,  deeply-stained  masses,  surrounded  by 
a  radiated  zone,  with  the  presence  of  dwai*fed  club-like  elements 
reeembling  actinomyces. 

The  author  suggested  that  possibly  the  presence  of  the  coarser 
septate  mycelium  of  the  black  variety  might  be  attributed  to  a 
mixed  infection. 

Vincent  in  Algiers  succeeded  in  cultivating  the  micro-organism, 
and  showed  that  it  was  a  new  species  of  streptothrix. 

BtreptOthriz  znadnrSB. — Vincent  found  that  the  streptothrix 
at  fint  grows  scantily  in  the  ordinary  culture  media,  and  in  such 
liquids  as  Cohn's  solution.  In  broth,  at  the  end  of  about  a  fortnight, 
there  is  a  limited  growth  composed  of  small,  round,  greyish  masses, 
and  in  sub-cultures  the  growth  becomes  more  abundant. 

The  little  colonies  float  in  the  clear  liquid  when  the  tube  is 
shaken^  and  subside  to  the  bottom  when  the  liquid  is  at  rest,  while 
some  adhere  to  the  sides  of  the  tube.  They  may  be  very  small,  or 
attain  the  size  of  a  pea ;  after  two  months  they  acquire  a  reddish 
tinga  Later,  on  the  sui'face  of  the  liquid,  thei*e  is  a  white  efflores- 
oenoe  composed  of  spores. 

The  streptothrix  grows  well  in  slightly  acid  infusions  of  hay  or 
straw,  the  proportion  of  hay  to  water  being  15  grammes  to  the 
litre.  Vegetable  infusions,  made  with  carrots,  turniiw,  and  potatoes 
(20  gi-ammes  to  1,000  of  water),  are  suitable  media.  The 
streptothrix  grows  at  the  temperature  of  the  rooui,  but  best  at  37^  0. 
and  with  free  access  to  air.  Inoculated  in  the  depth  of  gelatine  there 
Is  a  scanty  growth  in  the  track  of  the  needle  and  on  the  surface ; 
but  it  grows  best  in  a  nutrient  medium,  composed  of  infusion  of 
hay  or  potato  100  cc.,  gelatine  9  grammes,  glycerine  4  grammes, 
and  grape-sugar  4  gnimmes.     Gelatine  in  not  liquefied. 

Onlinaiy  nutrient  agar  is  not  a  very  favourable  medium,  but 
on  glycerine-agar  with  grape-sugar  thei*e  is  an  abundant  gn)wth  of 
circular,  projecting,  shining  colonies,  slightly  yello>\dsh -white,  which 
later  become  pink  or  bright  red.  When  the  colonies  are  numerous 
they  remain  small,  but  isolated  colonies  increase  rai)idly  ;  they  are 
de|ireBsed  in  the  centre  or  umbilicated,  and  the  central  part  remains 
white  while  the  i)eripherv  l>ecomes  red.     Later,  the  culture  loses  its 
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colour  and  becomes  a  dull  white.  The  growth  is  very  adherent  to 
the  surface  of  the  jelly,  and  so  tough  that  it  is  almost  horny.  The 
Streptothrix  can  be  cultivated  in  milk,  which  it  slowly  pepto- 
nises.  It  cannot  be  grown  on  blood  serum  or  egg.  On  potato,  on 
the  fifth  day  at  37°  C,  there  are  Uttle  prominent  colonies,  which 
nlowly  increase.  After  a  month  the  growth  acquires  a  pale-rose 
colour,  which  gradually  increases  and  changes  to  orange  or  dark 
red.  The  colour  is  most  intense  on  acid  potato,  and  after  a  time 
an  efflorescence,  or  whitish  dust,  appears  on  some  of  the  colonies, 
consisting  of  spores.     The  growth  is  hard  and  friable. 

Babbits,  mice,  guinea-pigs,  and  a  cat,  were  inoculate  sub- 
cutaneously  with  particles  from  the  disease,  or  with  cultures ;  but 
only  a  local  nodule  was  produced  in  each  case,  which,  after  a  slight 
increase,  subsided.  Nocard  confirmed  these  results.  Intra-peritoneal 
■and  intravenous  and  subcutaneous  inoculations  in  guinea-pigs,  rabbits, 
pigeons,  fowls,  dogs,  and  sheep  were  negative ;  and  no  trace  could 
be  found  of  the  cultures  in  any  animal  subsequently  killed  and 
examined.  According  to  Bocarro,  though  fresh  particles  from  the 
disease  inoculated  in  rabbits  and  dogs  gave  negative  results,  inocu- 
lation of  cultures  in  guinea-pigs,  rabbits,  monkeys,  and  rats,  pro- 
duced a  local  tumour  of  slow  growth,  which,  on  section,  had  the 
character  of  the  inoculated  material. 

From  these  experiments  we  must  conclude  that  the  disease  has 
not  been  shown  to  be  transmissible  to  the  lower  animals,  by  either 
inoculation  of  the  diseased  tissue,  or  by  cultures  of  the  Streptothrix ; 
and  the  exact  relation  of  both  the  Streptothrix  and  the  myceh'al 
fungus  to  the  disease  must  be  considered  an  open  question. 


CHAPTER  XXXI. 

GLANDERS. 

Glanders  is  a  specific  inoculable  disease  of  equines,  characterised 
by  the  formation  of  nodules  and  suppurating  tumours,  with  which 
characteristic  bacilli  are  associated.  The  disease  has  been  known 
from  very  early  times.  It  is  described  in  books  of  the  sixteenth 
century  and  in  very  early  treatises  on  farriery.  It  attacks  horses, 
asses,  and  mules.  Man  and  many  of  the  lower  animals  can  be 
readily  inoculated,  but  cattle  and  swine  have  an  immunity.  The 
disease  is  especially  prevalent  in  towns,  or  wherever  horses  may  be 
crowded  together  without  those  sanitary  arrangements  which  are 
so  much  attended  to  in  private  stables ;  and  in  large  establishments 
fresh  horses  are  being  constantly  introduced  to  replace  others,  and 
thus  the  opportunities  for  the  importation  of  the  disease  are  multi- 
plied. The  disease  varies  in  its  virulence.  It  may  occur  in  a  form 
which  proves  fatal  in  a  few  days,  or  it  may  exist  for  months  or 
years  without  attracting  notice,  and  yet  be  capable  of  being  trans- 
mitted to  other  animals.  The  term  "farcy"  is  applied  when  the 
disease  manifests  itself  in  the  form  of  tumours  in  the  skin. 

Glanders  in  the  horse  most  commonly  produces  ulceration  of  the 
nostrils  and  enlargement  of  the  glands.  It  commences  in  the  form 
of  nodules  of  the  mucous  membrane  resembling  miliary  tubercles, 
and,  like  them,  consisting  of  a  collection  of  round  cells.  They 
suppurate  and  coalesce,  forming  irregular  ulcers  and  raised,  congested 
nodules.  The  lymphatic  glands  become  enlarged  and  suppurate, 
and  the  disease  extends  to  the  respiratory  organs.  In  the  lungs,  in 
the  early  stage,  the  disease  is  readily  mistaken  for  tuberculosis. 
The  nodules  suppurate,  and  cavities  are  formed,  but  the}'  do  not 
tend  to  caseate.  A  glairy  or  muco-purulent  discharge  from  the 
nostrils  should  lead  to  very  careful  inspection,  with  every  jiossible 
precaution ;  and  it  will  probably  be  easy  to  detect  the  ulceration  of 
the  nostrils.     In  other  cases  there  may  be  slight  discharge  from  the 
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nostrils  and  swBiling  of  the  glands,  and  nothing  more  vriU  Iw  visible 
until  a  poet  morUm  exiimiufitiou  liiis  been  miide. 

Olanders  iu  man  is  found  amongst  those  whose  duties  bring 
tbem  into  contact  with  diseiiseJ  honses,  such  us  lituble-men,  cayalry 
soldiera,  ami  veterinary  surgeons ;  and  it  is  generally  the  result 
of  accidental  inoculation  of  a  wound.  An  abscess  develops,  followed 
by  metastatic  purulent  infiltration  of  the  lungs,  liver,  spleen,  and 
bones.  There  may  be  edematous  swelling  of  the  face  and  ulcers 
iu  the  nostrils.     The  joints  may  become  swollen  and  painful. 

The  nodulee  consist  of  fibrous  tissue  and  cells,  with  a  tendency  to 
Guppuvation.     In  the  lungs  the  disease  spreads  by  the  lymphatics. 


.•■••  "^'w 
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^tiun  III  c  glaiidtm  iiudult,   <    700  (Flcgrk). 


The  inliltrat«d  patclies  are  necrosed  in-  the  centiH-,  which  is  sur- 
rounded by  leucocytes  and  fibrous  tissue. 

The  biicilli  were  discovered  by  Loffler  and  Scbiitz  in  1882.  They 
are  found  iu  the  ilischarge  from  the  uoatrils,  iu  the  pus,  and  iu  the 
noduk-s  of  animiils  artificially  infected. 

BacilltiB  mallei. ^Kods,  with  rounded  ends,  shorter  and 
thicker  than  tbe  tubercle  bacillus,  occurring  singly,  or  in  pairs, 
and  sometimes  in  filaments.  Tlie  protoplasm  in  the  rod  is  broken 
up  in  stained  preparations,  as  in  the  tubercle  bacillus.  They  stain 
with  the  watery  aniline  dyes,  and  intensely  so  with  alkaline  methylene 
blue  or  Neelsen's  solution ;  they  are  nou-motUe  and  aerobic ;  sjOTre 
formation  has  been  described.  They  can  be  Cultivated  on  the  usual 
media,  esjiecially  on  glycerine -agar  and  on  potato ;  but  they  will  not 
grow  ill  infusions  of  hay,  straw,  or  stable  manure.  Un  the  surface 
of  glycerine- agar  a  coloiu'less,  ti'uusjiarent  gi'owth  occui-s  on  either 
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of  the  track  of  the  needle;  ou  glj-ceiune-agaf  with  milk  a 
whitifili  lu;rer  develops,  which  grnduulty  changes  ia  colour  from 
Rltiber  yellow  Ui  a  reililish- brown.  On  blood  sei'itm  the  growth  is 
kratiitjiareiit  ii:id  yeUowiah  ;  on  potato  it  is  much  more  ufaai'actei'istic. 
AftcfC  two  or  three  day^  at  the  temperature  of  the  blood,  a  film 
develops  ill  the  vicinity  of  the  iiioeulated  ai-ea,  whieh  is  honey-like, 
transparent  and  yeltow  ;  the  triiuspareucy  dLsiippearR,  iind  in  a 
intek  the  cultures  have  become  reddish -brown,     (Plate  11-,  Wig.  6.) 

The  diHea^e  has  been  commuiucated  to  man  by  iiocidental 
iDocuhition  with  a  hypodermic  syringe  which  had  been  used  for 
JDoouhitiiig  cidtiires,      Koi-ses,    fisses,  oil.-t,  goat^,    field   mice,    and 
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piga.  can  all  be  infoctetl  with  pure  cultures ;  rabbite,  isheep, 
ad  doga  are  slightly  susceptible ;  cattle,  swine,  and  white  mice 
ve  nix  immunity.  In  the  guinea-pig  a  swelling  occurs  at  the  scat 
inoculation,  followed  by  the  formation  of  a  prominent  tumour, 
Ivetoping  into  an  nbscest;.  The  xkin  becomes  involved,  and  an  uloer 
ith  indurated  margin  results,  Tlie  lymphatic  glands  also  become 
kplicated,  and  general  infection  follows,  extending  frequently  to 
ie  testicles  or  ovaries,  and  death  results  after  several  weeks.  In 
kbhits  there  is  generaUy  only  a  local  abscess  induced,  which  termi- 
fttes  in  a  iiulckly-heaUiig  sore.  Mice  die  iu  three  or  four  days 
general  infection;  glanders  nodules  are  found  in  the  lirer  and 
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spleen,  dosdy  resembling  miliary  tuberdes.     Loffler  recommends 
inoculation  of  guinea-pigs  as  the  most  reliable  method  of  diagnosis. 

Sub-cnltores  *of  the  bacillus  rapidly  lose  their  virulence.  The 
toxic  products  have  been  already  described  (p.  48).  Mallein  can 
be  prepared  from  a  culture  on  sterilised  potato  by  extracting 
with  glycerine  and  water,  or  from  a  culture  of  the  bacillus  in 
broth.  A  virulent  culture  is  obtained  from  a  glandered  horse, . 
or  from  a  guinea-pig  inoculated  with  fresh  virus.  Sub-cultures  are 
prepared  in  glycerine  broth,  and  incubated  at  37°  C.  for  a  month 
or  six  weeks.  If  the  cultures  are  found  to  be  pure  they  are  sterilised 
in  the  usual  way,  in  the  steam  steriliser,  and  by  filtering  through 
porcelain  a  pale,  amber-coloured  liquid  is  obtained.  To  test  for 
glanders,  a  fewdro^  (2^  cc.)  are  injected  underneath  the  skin,  in  the 
middle  of  the  side  of  the  neck.  In  healthy  horses  there  is  no  re- 
action, or  a  very  slight  elevation  of  temperature.  In  glandered  horses 
there  is  marked  rise  of  temperature  (101°  to  105°),  considerable  local 
swelling  at  the  seat  of  inoculation,  and  signs  of  general  disturbance, 
while  the  glandered  tumours  become  more  swollen  and  painful.  The 
temperature  of  the  horse  to  be  injected  should  be  taken  night  and 
morning  for  two  or  three  days  before  the  operation ;  and  in  horses 
suffering  from  febrile  disturbance  the  test  should  be  delayed. 
Thomassen  made  a  number  of  experiments  on  horses  suffering  from 
pleurisy,  bronchial  catarrh,  strangles,  and  other  diseases,  without 
any  reaction,  except  in  a  glandered  horse,  used  as  a  control  exfjeri- 
ment.  Hunting  and  M*Fadyean,  in  this  country,  have  made  mast 
careful  observations  and  experiments,  and  thei*e  is  no  doubt  that 
mallein  is  a  very  valuable  aid  in  the  diagnasls  of  glau(lei*s.  In 
many  cases  the  reaction  has  been  obtained  in  horses,  and  the 
existence  of  glanders  has  been  discovei'ed  only  after  a  most  searching 
post-moi*tem  examination.  With  this  means  of  diagnosis  it  is  now 
possible  to  determine  exactly  which  are  the  infected  animals  in  a 
stable  where  the  disease  has  broken  out.  The  animals  can  then 
be  slaughtered,  and  the  disease  prevented  from  spi*eadiiig. 

Stamping-out  System. — Whatever  may  be  the  stage  of  the 
disease  or  the  extent  or  vai'iety  of  it,  isolation  ought  to  be  carried 
out  in  its  most  complete  form — namely,  slaughter.  The  disea.se 
might  be  completely  stamped  out,  if  it  were  not  for  the  difficult 
question  of  compensation.  It  can  undoubtedly  be  checked  by  the 
existing  laws. 

In  1869  glandei*s  was  included  in  the  list  of  contagious  diseases, 
and  the  provisions  with  regard  to  giving  notice  of  the  disease,  the 
regulation  of  movement,  or  exposure,  and  disinfection,  wei-e  applied  to 


horses  suffering  from  glanders.     TJndei'  un  earlier  Act  it  was  made 
an  offence  to  expose  glandered  horses  in  markets  or  on  oominons, 

111  1878  piiwer  tu  slaugliter  was  iiicorporiiteJ  iu  the  AninmlH  Order. 

(1)  Where  a  person  having  a  horse,  asa,  or  mule  in  hiH  [loasegBion,  or 
under  bis  charge,  gives  notice  to  a  constable  that  the  horse,  ass,  or  mule  is 
affected  with  glanders,  or  anj  person  is  oonvicted  of  an  offence  against 
the  Act  of  1878  by  reason  of  his  having  failed  to  give  such  s  notice,  than, 
if  at  any  time  thereafter  it  appears  to  the  Local  Authority,  on  a  special 
report  of  a  Veterinary  Inspector,  that  the  horse,  asa,  or  mute  is  affected 
with  glanders,  and  the  horse,  asa,  or  mule  is  alive  at  the  end  of  fourteen  days 
after  the  receipt  by  the  Local  Authority  of  that  special  report,  the  Local 
Authority  may  serve  on  the  owner  of  the  horse,  ass,  or  mule  a  notice  in 
vriting  requiring  him  to  slaughter  it,  or  to  permit  them  to  slaughter  it, 
within  a  time  specified  in  the  notice. 

(2)  If  in  any  case  the  owner  fails  to  comply  with  the  requisition  of 
the  notice  of  the  Local  Authority,  ho  shall  he  deemed  guilty  of  an  oSence 
against  the  Act  of  1HT8,  unless  he  shows  to  the  satisfaction  of  the  court 
of  summary  jurisdiction  before  which  he  is  charged  that  tbc  horse,  ass, 
or  mule,  is  not  affected  with  glanders,  or  that  the  slaughter  thereof  is 
for  any  reason  unnecessary  or  inexpedient. 

(3)  The  provisions  of  this  Article  may  be  put  in  force,  from  time  to 
time,  as  often  as  occasion  requires,  in  relation  to  the  same  horse,  ass,  or 
mole,  on  a  further  special  report  as  aforesaid. 

In  the  order  of  1892  it  was  provided  that  glanders  should  include' 
fwroy,  and  power  was  given  to  compel  slaughter,  and  to  compensatu 
by  payment  uf  half  the  value  of  a  diseased  animal,  not  exceeding  £20, 
and  full  vrihie  in  the  case  oE  healthy  animals.  Owing  to  abjections 
urged  against  the  pnyment  of  compensation,  unuther  order  wait 
passed,  which  came  into  operation  at  _the  end  of  1 894 ;  the  order  to 
slaughter  being  amended  as  under : — 

(1)  A  Local  Authority  may  if  they  think  fit  cause  to  be  slaughtered 
any  diseased  horse,  ass.  or  mule,  provided  that  if  the  owner  of  the  horse, 
ass,  or  mule  gives  notice  in  writing  to  the  Local  Authority,  or  their 
inspector  or  other  othuer,  that  he  objects  to  the  horse,  asa,  or  mule  being 
slaughtered,  it  shall  not  be  lawful  for  the  Local  Authority  to  cause  that 
horse,  ass,  or  mule  to  be  slaughtered  except  with  the  further  special 
authority  of  the  Board  of  Agriculture  first  obtained. 

(2)  A  Local  Authority  may,  if  they  think  fit,  cause  to  he  slaughtered 
any  suspected  horse,  ass,  or  mule,  having  previously  obtained  the  consent 
of  the  owner  thereof. 

(3)  The  Local  Authority  xhall  out  of  the  local  rate  pay  compensation 
as  follows  for  any  horse,  ass,  or  mule  slaughtered  nnder  this  article  :~ 

(<i)  Where  the  horse,  ass,  or  mule  was  diseased  the  compensation  iball 


CHAPTER  XXXII. 

TirrANUS,   RABIES,    AND   LOUPING-ILL. 

Tetanus. 

Tetanus  is  a  communicable  disease  of  man  and  the  lower  animals, 
characterised  by  spasmodic  contraction  of  the  muscles.  It  is  com- 
monly the  result  of  an  injury,  and  occurs  especially  after  wounds 
produced  by  means  of  splinters  of  wood  or  contaminated  with  earth 
or  dust,  and  may  follow  after  surgical  operations. 

Carle  and  Rattone  first  showed,  in  1884,  that  the  disease  could 
be  communicated  from  man  to  other  animals.  Rabbits  inoculated 
with  pus  from  a  case  in  man  developed  tetanus,  and  from  these 
rabbits  the  disease  was  conveyed  to  others.  Nicola ier,  the  following 
year,  found  that  mice  and  rabbits  inoculated  with  earth  often 
contracted  tetanus,  and  that  the  pus  which  formed  at  the  seat  of 
inoculation  contained,  amongst  other  organisms,  characteristic  bacilli. 
Pure  cultures  were  first  obtained  by  Elitasato. 

Bacillus  of  Tetanus. — Slender,  straight  rods,  and  filamentous 
forms.  Spore  formation  takes  place  at  the  end  of  a  bacillus,  giving 
it  a  drumstick  appearance.  They  stain  with  aniline  dyes,  but  best 
with  Neelsen's  solution,  or  by  Gram's  method.  By  the  Ziehl-Neelsen 
method  and  methylene-blue,  the  spores  can  be  stained  red,  in 
contrast  to  the  bacilli,  which  are  stained  blue.  The  bacilli  are 
anaerobic,  liquefy  gelatine,  and  are  slightly  motile.  They  can  be 
grown  at  the  ordinary  temperature,  but  most  readily  at  the  tem- 
perature of  the  blood,  in  an  atmosphere  of  hydrogen,  especially  after 
the  addition  of  1  or  2  per  cent,  of  grape  sugar  to  the  nutrient 
medium.  The  young  colonies  on  plate-cultivations  somewhat 
i*esemble  those  of  Bacillus  subtihs.  They  have  an  opaque  centre, 
and  are  surrounded  by  fine  rays,  extending  in  all  directions  like 
thistle-down.  In  the  depth  of  gelatine  a  ray-like  growth  occurs 
in  the  lower  part  of  the  track  of  the  needle.  The  gelatine  is  lique- 
fied very  slowly,  and  gas  is  given  off.      The  cultures   possess  a 
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chanvcteristic  odour.  In  slightly  alkaliue  brotb,  and  pieptone  witb 
nlkfilme  reaction,  iu  an  atmosphere  of  hydrogen,  the  gaa  formed 
will  he  sufficient  to  break  the  floHk  if  it  is  sealed  up.  Kitasato 
ohtftined  his  cultures  from  pus,  by  tjikiug  mlvantage  of  the  resist- 
ance of  the  Bpores  to  high  teni[)eratiireK.  By  raising  cultures 
to  80°  C.  for  three-quartem  of  an  hour,  the  mici'ococci  and  bacilli 
ill  the  mixed  culture  were  destroyed,  while  the  spores  of  the 
tetanus  bacillus  retained  their  vitality,  and  then  sub-cultures  wei-e 
obtained  in  a  pure  state.  The  spores  are  said  to  be  killed  by 
expuHui'e  to  Hteiim  for  five  minutes.  A  5  ]>er 
cent,  solution  of  carb()lic  acid  with  '5  per  cent, 
of  hydrochloric,  will  destroy  the  spores  in  two 
liKurs.  Kitasuto  and  Weyl  obtained  telanin 
Iriim  pure  oultui-es  of  the  bacillus,  Brieger 
having  previoutdy  obtained  it  from  impure 
ciiltures.  A  tetanu-tuxin,  iiidol  and  phenol,  and 
butwic  acid  are  al«o  found.  Brieger  and 
Fr'ankel  atti'ibute  the  pathogenic  properties  to- 
:•  tox-albumin.  Theue  products  have  been  de- 
M'l-iheil  more  fully  in  a  previouB  chapter  (p.  41). 
A  pure-culture  produces  tetanus  in  a  mouse- 
ill  twenty-four  hours,  and  rabbits,  guinea-pigs, 
and  riit«  can  also  be  infected.  No  pus  forma 
at  the  seat  of  inoculation,  as  after  inoculation 
of  earth,  but  the  spasms  commence  in  th& 
muscles  nearest  to  the  seat  of  inoculation.  A 
trace  of  a  broth  cultiu-e  will  kill  a  guinea-pig, 
the  symptoms  developing  in  three  daj's. 

Kitasato  succeeded  in  making  animals  im- 
mune to  tetanus,  and  subsequently  the  discovery 
was  made  that  the  blood  in  immune  animals 
will  produce  immunity  in  other  auimals,  th** 
!  explanation  being  that  the  toxic  piincipte  of" 
the  tetanus  bacillus  induces  the  formation  of 
tetanus  antitoxin ;  and  if  equal  parts  of  the 
'  serum  of  an  immune  animal,  and  a  fatal  dose  of 
tetano- toxin,  are  together  injectetl  into  a  healthy 
guinea-pig,  tetanus  will  not  follow,  showing  that  the  virus  hw- 
l>een  neutralised,  Tii-./oni  and  Oattani  found  that  blood  from 
immuniseil  dog  was  not  only  capable  of  completely  neutralising  thw 
toxic  power  of  filtered  ctdtures,  but  that  the  injection  of  the  blood' 
semm  pMxIuced  immunity  in  otherwise  susceptible  animals,  except- 
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guinea-pigs  or  rabbits.  This  antitoxin  is  possiblj  secreted  by  special 
glands,  such  as  the  thymus  and  thyroid ;  and,  according  to  Brieger 
and  others,  extracts  of  the  thymus  gland  are  antitoxic  to  other 
toxins,  as  well  as  the  tetanus  toxin. 

These  experiments  have  resulted  in  the  employment  of  tetanus 
antitoxin  as  a  therapeutic  agent  (p.  63). 

Babies. 

Babies,  or  hydrophobia,  is  a  disease  like  tetanus,  the  symptoms 
being  produced  by  a  virus  acting  upon  the  nervous  system.  The 
specific  virus  appears  to  originate  in  dogs,  wolves,  and  jackak  ;  and 
by  wounds  inflicted  by  rabid  animals,  or  by  inoculation,  the  disease 
may  be  communicated  to  man,  cattle,  sheep,  deer,  cats,  rabbits,  and 
swine. 

Among  the  early  symptoms  observed  in  the  dog  are  sulkiness 
and  restlessness,  depraved  appetite,  and  irritability.  A  peculiar 
expression  of  the  countenance  may  be  noticed,  with  twitchings  of  the 
eyes  and  face,  and  the  animal's  attention  appears  to  be  fixed  upon 
some  imaginary  object.  A  rabid  dog  is  constantly  trying  to  drink, 
and  at  times  howls  or  barks  in  a  peculiar  tone,  whilst  the  breathing 
becomes  very  irregular.  On  the  fourth  day,  or  later,  death  follows. 
After  death  the  glands  are  enlarged  and  congested,  the  tonsils  are 
inflamed,  and  the  vessels  of  the  epiglottis  injected.  In  some  cases 
there  is  inflammation  of  the  lungs,  and  the  stomach  may  contain  a 
mass  of  straw,  hair,  and  horse- dung.  The  membranes  of  the  brain 
and  the  spinal  cord  may  be  also  congested.  All  these  symptoms 
may  be  present,  or  some  only,  or  they  may  be  entirely  absent ;  and 
it  is  partly  for  this  reason  that  Pasteur's  researches  have  been  of 
such  enormous  value.  Yery  little  was  known  of  the  experimental 
production  of  rabies  until  Pasteur  commenced  his  investigations ;  and 
the  test,  which  can  be  applied  by  inoculating  rabbits,  is  invaluable 
as  a  means  of  diagnosing  rabies  with  absolute  certainty.  Dogs 
suffer  from  symptoms  simulating  those  of  rabies ;  and  formerly,  when 
human  beings  were  bitten,  it  was  impossible  in  some  cases  to 
determine  whether  the  dog  had  been  suffering  from  rabies  or  not. 
We  are  indebted  to  Pasteur  for  the  only  rehable  test  which  can 
be  applied ;  and  we  are  now  in  a  position,  when  a  human  being  is 
bitten  by  a  dog  supposed  to  be,  but  not  really,  rabid,  to  remove 
all  cause  for  the  anxiety  which  would  otherwise  remain  for  months 
and  even  years. 

In    man    the   period  of    incubation   lasts  from   eight   days   to 
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eevei-al  mouths,  tind  iii  mi's  cases  a  much  longer  period.  The  wouod 
from  n  ))ite  may  have  healed,  aud  may  again  become  iiiBamed, 
aiid  symptiumG  follow,  owing  to  the  poisou  niTevting  the  bi'sin,  ^pisal 
cord,  or  the  peripheral  nerves.  In  the  dog  the  disease  appears  in 
two  forms— raging  madness  and  dumb  madness ;  and  the  identiiy  of 
the  virus  in  the  dog  und  in  man  is  shown  by  the  fart  that  virus 
from  man  can  produce  both  forms  of  the  dinea^  in  the  dog.  The 
virus  may  be  obtained  by  inoculation  of  the  naliva  of  a  rabid  dog; 
bnt  this  method  is  uncertain,  as  other  micro-organisms  are  pitisent. 
Pasteur  endeavoured  to  obtain  it  in  a  pure  state,  and  was  able 
to  demonstrate  that  the  spinal  cord,  the  brain,  and  the  nerves 
contain  the  vii-us.  It  was  also  fotiud  that  by  direct  iuocnlntion  of 
the  nervoiiH  system  the  most  certain  results  followed. 

Bacteria  in  Rabies. — Oocei  have  been  desciibed  in  connection 
with  hydrophobia  by  Fol,  Babfts,  and  Dowdeswell,  The  cocci,  it  is 
said,  were  observed  in  sections  of  the  spinal  cord  of  rabid  dogs.  The 
descriptions  given  by  liifferent  observers  vary  considerably,  and  there 
its  not  any  particular  coccus  constantly  assmuated  with  the  disease. 
N'or  have  any  of  the  bacteria  been  isolateil  from  the  diseased  animal, 
which  were  alleged  to  be  present  in  stained  preparations.  By  many, 
hydrophobia  is  believed  to  be  due  to  the  presence  of  a  micro- 
organism, but  at  present  the  nature  of  the  contagium  is  iinknown. 

Protective  Inociilatioii. — Pasteur  found  that  a  dog  inoculated 
under  the  dura-mater  with  virus  from  the  spinal  cord  of  a  rabid  animal 
will  develop  rabies,  as  a  rule,  within  eighteen  days.  By  trephining 
rabbits  and  inoculating  the  virus,  and  by,  in  the  same  way, 
transmitting  the  virus  from  rabbit  to  rabbit,  the  incubation  jieriod 
gradimlly  shortens,  until  it  is  reduced  to  six  or  seven  days.  The  virus 
has  then  reached  its  maximum  i-irulence  in  the  nibbit,  and  is  "  fixed." 
Pasteur  then  studied  the  possibility  of  producing  immunity.  The 
medulla  of  a  rabbit,  containing  the  virulent  virus,  was  suspended  in 
a  glass  bottle  over  caustic  potash  at  a  temperature  of  35°  C  If  ti 
number  of  spinal  cords  were  thus  treated,  and  examined  from  day 
to  day,  it  was  found  that  they  gradually  lost  their  virulence, 
becoming  completely  inert  in  from  sixteen  to  twenty  days.  A  series 
of  cords  was  thus  obtained  with  diminishing  vii-uleuce  ;  by  injecting 
fiubcutaneously  an  infusion  of  rubid  spinal  eoi-d  crushed  in  broth, 
and  beginning  with  an  inert  cord  on  the  first  day  and  using  the 
next  in  the  series  on  the  second  day,  and  so  on  till  a  fresh  spinal 
cord  could  be  injected,  it  was  found  that  dogs  were  rendered 
insusceptible  to  the  strongest  vii-us,  administereil  by  inoculation  or 
by  exposing  them  to  the  bites  of  rabid  dogs.     Dogs  have  usually 
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an  incubittiou  period  of  several  weeks,  find  Faitteiu-  conceived  tluit  it, 
would  be  possiljle  to  anticipate  the  symptomB,  which  would  naturally 
follow  in  a.  dog  which  liad  been  bitten  or  inoculated,  by  giving 
tbcm  H,  mild  form  of  hydropbobia.  by  the  injection  of  attenuated 
virus  of  short  incubation  period.  These  experiments  showed  that 
it  was  possible  to  do  this,  and  the  outcome  was  the  introduction  of 
a  system  of  protective  inoculation  in  the  human  subject.  Fattteur 
succeeded  in  giving  immunity  from  hydrophobia  to  about  fifty  dogs 
of  every  age  and  breed. 

In  1885  Joseph  Meister,  a  boy  nine  years  of  age,  bitten  badly 
by  a  mad  dog  upon  the  hands,  legs,  and  thighs,  was  brought  to 
Past«ur.  At  a  post-mortem  examination  of  the  dog,  its  stomach 
was  found  fall  of  bits  of  hay,  straw,  and  wood,  and  it  had  been 
unquestionably  rabid.  On  July  6th,  sixty  hours  after  Meister  had 
been  bitt«n,  a  syringe  Cull  of  marrow  fi'om  a  i-abbit  which  had  died 
on  June  21st,  and  thecefoi-e  fifteen  days  old,  was  injected  beneath 
the  filtin  over  the  right  hypochondriac  region.  The  next  morning 
Meister  was  inoctdated  with  a  spinal  cord  fourteen  days  old,  and  tso 
on  evefy  day,  till  on  the  sixteenth  a  cord  only  one  day  old  was  used. 
So  many  injections,  however,  neeil  not  have  been  given,  as  it  was 
subsequently  found  that  the  spinal  marrows  injected  during  the 
first  five  clays  were  inert  when  tested  on  rabbits.  The  marrows  of 
the  next  live  days  showed  an  ascending  scale  of  viruleucy,  until,  on 
the  last  two  daj-»  of  the  treatment,  Meister  bad  been  inoculated 
with  a  virus  so  virulent  that  it  was  capable  of  causing  hydi-ophobia 
in  dogs  after  ten  days'  incubation.  Meister  I'emained  completely 
free  from  hyitrophobia.  From  that  time  to  the  present  Jay  many 
thousands  of  jKitients  have  been  treated  in  Pari«  by  slightly  modified 
methods,  and  it  is  very  generally  believed  that  a  real  prophylactic 
agent  has  been  discovered. 

Fusteur  suggested  that  the  rabic  vims  might  consist  of  two 
distinct  substances — a  hving  virus  capable  of  developing  in  the 
nervous  system,  and  a  secondary  product  which,  in  sufficient  pro- 
portions, might  have  the  property  of  hindering  the  development 
of  the  living  vims.  The  nature  of  this  living  virus  is  quite 
unknown. 

According  to  a  return  of  the  inoculations  at  the  Fasteur  In- 
stitute, the  total  number  of  [mtsoos  ti-eated  in  1695  was  1,623,  of 
whom  five  died.  In  three  cases  the  symptoms  of  hydrophobia 
occurred  within  a  fortnight  of  the  last  inoculation.  If  these  three 
cases  are  omitted,  the  number  of  pei-sous  treated  is  reduced  to  1,520 
and  the  deaths  U>  two,     Tlie  results  are  shown  in  the  foUowing  table. 
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for  the  nine  years  prenous  to  1895,  during  which  Pasteur's  method 

has  been  in  operation  ; — 
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were  bitten  by  animals  experimentally  proved  to  be  rabid,  949  by 
animals  declared  by  veterinary  certificate  to  be  rabid,  and  +49  by 
animals  supposed  to  be  rabid. 

Bab^s  at  Bucharest  inoculated  300  persona  ii  one  \e  i  id 
claimed  to  have  reduced  the  mortality  to  '4  per  cent 

Stamping-out  System. — There  in  every  i-easo  to  bel  e  e  tl  t 
rabies  could  be  stamped  out  in  England  in  six  moi  tha  f  i  ^^  ^'^' 
order  for  muzzling  were  enforced,  and  all  ovierles.  log  \ere 
slaughtered.  It  is  the  ownerless  cur,  the  i  igra  t  log  Iml  i 
mainly  responsible  for  the  spread  of  rabies ;  and  if  a  general  u  i  I  u^ 
order  cannot  be  put  into  force,  it  would  undoubtedly  check  the  disease 
if  all  dogs  were  compelled  to  wear  a  collar  with  the  name  and  addi-ess 
of  the  owner,  and  all  dogs  without  owners  were  desti-oyed. 


Louping-ill  is  regarded  by  some  as  an  infective  chsease.  It  is 
a  disease  of  sheep,  characterised  by  symptoms  due  to  an  affection  of 
the  central  nervous  system.     The  symptoms  consist  in  contiiictious 
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-of  the  muscles  of  the  head  and  limbs,  loss  of  co-ordination  and  finally 
<jomplete  loss  of  the  power  of  movement.  The  name  is  derived  from 
the  peculiar  jumping  movements  in  the  early  stage. 

Klein  and  M*Fadyean  independently  investigated  this  disease. 
Klein  found  bacteria  in  the  cerebral  fluid.  No  micro-organisms 
were  found  in  the  blood.  Special  attention  was  drawn  to  a 
bacterium  which  was  found  by  Klein  in  six  out  of  seventeen  cases, 
and  to  a  micrococcus  by  M*Fadyean. 

Bacteria  in  Louping-Ill. — Klein's  Bacterium,  Oval  cocci  and 
rods  '6  to  1  /x  in  length,  '2  to  '3  /x  in  breadth.  Colonies  in  gelatine, ' 
yellowish  by  reflected  light,  are  brown  by  transmitted  Ught.  On  the 
surface  of  gelatine  the  bacteria  form  a  film,  which  is  crenated  at 
the  edge,  and  thick  in  the  middle,  at  first  grey  and  later  yellowish. 
In  the  depth  of  gelatine  a  filament  forms,  composed  of  closely 
aggregated  minute  greyish  colonies,  and  a  prominent  yellow  growth 
occurs  on  the  free  surface.  The  gelatine  is  not  liquefied.  The 
bacteria  grow  in  milk,  and  broth  becomes  turbid  in  two  days,  and 
there  is  a  copious  flocculent  greyish  precipitate. 

Injection  of  broth  cultures  subcutaneously  in  rabbits,  guinea- 
pigs,  and  mice,  produced  no  result,  except  local  swelling  at  the  seat 
of  inoculation,  which  subsided  without  causing  any  constitutional 
symptoms.  The  results  were  equally  negative  when  the  cultures 
were  injected  subcutaneously  in  lambs. 

M^Fadyean'a  Micrococcus. — Cocci  *3  /x  in  diameter.  The  colonies 
are  flat,  nearly  circular,  and  have  a  smooth  edge.  In  old  colonies 
the  centre  appears  as  a  dark  spot.  Gelatine  is  rapidly  liquefied, 
and  a  nearly  colourless  precipitate  forms  at  the  bottom  of  the 
tube.  Cultures  on  the  surface  of  agar  have  a  faint  yellow  tinge. 
On  potato  the  colour  is  deeper  but  the  growth  not  so  well  marked. 
Milk  is  coagulated.  In  broth  there  is  an  abundant  growth  render- 
ing the  liquid  turbid  and  depositing  a  white  precipitate.  The  micro- 
cocci stain  by  Gram's  method.  Inoculated  in  rabbits  or  guinea-pigs, 
they  produce  suppuration ;  in  horses  and  bovines,  an  inflammatory 
swelling  results  without  suppuration.  They  produce  abscesses  in 
sheep  and  lambs.  The  cocci  were  isolated  from  abscesses  in  lambs 
suffering  from  louping-ill.  Though  it  is  admitted  that  louping-ill 
belongs  to  the  class  of  infective  diseases,  there  can  be*  no  doubt  from 
these  experiments  that  the  nature  of  the  contagium  is  unknown. 


CHAPTER  XXXIII. 

FOOT-ROT. 

Shsbp  are  subject  to  several  diseases  which  are  classed  as  foot-rot. 
There  is  one  form,  known  as  contagious  foot-rot,  which  prevails  in 
certain  localities,  especiaUy  on  wet  land.  Brown  describes  the 
disease  as  primarily  a  disease  of  the  skin,  inducing  exfoliation  of 
the  cuticle,  and  exudation  of  fluid  containing  epithelial  scales.  The 
inflammation  extends  to  the  membrane  of  the  foot,  leading  to  exfolia- 
tion of  the  hoof,  and  development  of  epithelial  scales,  which  form  an 
imperfect  homy  layer  on  the  diseased  membrane.  In  one  outbreak 
investigated  by  Brown,  the  disease  in  the  early  stage  was  confined 
to  the  skin  between  the  digits  of  the  fore-feet;  the  surface  was 
red,  tumid  and  pulpy,  and  white  purulent  matter  existed  on  the 
inflamed  parts.  Later,  the  hoof  grew  to  an  extniordinary  length,* 
fungoid  growths  made  their  appearance,  developing  into  foot -rot  in 
an  advanced  form. 

In  France,  accoi*ding  to  Fleming,  the  contagious  characU^r  of 
this  disease  has  long  been  recognised.  So  long  ago  as  1805  Pictet 
imported  200  half-bred  merino  sheep,  some  of  which  were  iiifocttnl 
with  foot-rot,  and  placed  them  with  200  healthy  sheep,  an<l  in  a 
short  time  all  the  sheep  were  infected.  Several  years  later  Favre 
and  Sorillon  carrietl  ont  investigations  which  conclusively  prove<l 
the  infective  nature  of  the  virus.  Among  other  experiments  it 
was  found  that  when  healthy  sheep  were  inoculated  in  the  feet 
with  virus  from  diseased  sheep,  the  disease  was  communicated. 

Contagious  foot-n)ot  may  be  spread  by  healthy  sheep  leceivin^ 
the  virus  from  infected  sheep  in  fairs  and  markets.  Ships,  railway- 
tnicks,  and  carts  in  which  disease<l  sheep  have  be(»n  conveyed,  unless 
subsequently  thoi-oughly  disinfect^l,  may  be  the  means  (^f  trans- 
mitting the  virus  to  healthy  sheep.  Healthy  sheej)  turned  into 
(mstures  quite  recently  occupied  by  tUseasetl  she(»p  may  Ix*  inoculated 
from  the  discharges  fi'om  the  feet  of  the  disease*!  sheep,  which 
contaminate  the  grass  and  soil. 
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Ijaw  believetl  that  the  disease  arose  from  an  undiscovered  micro- 
orgunism,  which  was  probably  present  io  infect«d  pastures.  Others 
in  thia  countrj'  have  disputed  the  mintagious  character  of  the  disease, 
and  considered  that  the  same  conditions  of  the  pasture  which 
produced  the  disease  in  a  flock  would  produce  it  again  in  imported 
animalR,  which  would  account  for  the  apparent  contagiousnees. 

Bfown,  in  order  to  test  the  question  of  contagion,  placed  infected 
tbeep  in  n.  pen,  the  bottom  of  which  was  covered  with  straw  which 
was  not  removed  while  the  experimeutfi  were  in  process.  Three 
healthy  sheep,  from  a  locality  where  foot-rot  was  unknown,  were 
placed  with  the  infected  sheep.  At  the  end  of  ten  days  the  feet 
of  the  sound  sheep  were  still  healthy.  Subsequently  two  of  the 
sheep  were  inoculated,  and  it  was  found  that  the  virus  introduced 


Fio.  188.— Section   ' 

Foot   aHow^^-G   a    Cuack     bk- 


subcutaneously  in  the  vicinity  of  the  foot  produced  the  incipient 
stage  of  the  disease.  On  making  further  aitperinients  the  contagious 
nature  of  one  form  of  foot-rot  w.^B  eHtiiblished,  but  it  appears  that 
the  contagious  property  b  only  developed  after  a  long  period  of 
exposui-e,  and  under  c«rtain  conditionM.  On  a  dry  soil  the  dieeose 
will  tiuickly  subside,  but  on  moiat  land  the  contagious  form  of  foot- 
rot  may  be  commniiicated  by  simple  contact,  in  from  six  weeks  to 
three  months. 

From  these  and  other  experiments  Brown  has  drawn  the 
following  conclusioUB :- — 

1.  That  BO  far  as  the  evidence  goes  it  juBtifies  the  statement  that 
foot-rot  is  a  contagious  disease ;  the  infective  matter  being  active 
when   brought  into  contact  with  the   skin    between  the  claws,  or 
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111  introduced  into  the  syntom  by  uioculiition,  nnd  pi-obiibly  when 
BD  in  by  the  mouth  from  contaminated  piHtures. 

2.  That  it  cannot  be  produced  hy  long-continued  exposure   to 
[rained,  moiBt  soils,  with  an  abundant,  coarse  and  wet  herbage. 

3.  That  animals  exposed  to  these  iionditioiiH  for  many  months, 
I  resisting  entirely  the  itiHuenceH  named  above,  contract  foot-rot 


l9t. — DiBTOBTION  Oir  Uoop  IN  AH  AllTANCBD  FORll  OF  FOOT-BOT  (BBOW.s). 

rota  foiirteeu  to  twenty-one  days  on  being  placed  among  sheep 
Bring  from  the  disease, 

(.  That  fiheep  affected  with  foot-rot  may  improve,  and  from 
1  to  time  become  worse ;  and  finally  may  recover  and  pref«eiit  a, 
eictly  healthy  comlition  of  foot,  notwithstanding  that  they  have 
I  kept  the  whole  period  under  the  conditions  which  induced  the 
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5.  That  the  oontagiom  of  foot-rot  remains  for  some  time  in 
the  system  (ten  to  twenty  days  and  longer)  without  any  indication 
of  disease  appearing  in  the  skin  between  the  claws.  An  infected 
sheep  may  therefore  escape  detection  even  by  an  expert,  and  may 
introduce  foot-rot  into  a  sound  flock. 

One  attack  does  not  confer  immunity.  The  disease  has  been 
known  to  recur  in  sheep  which  have  only  recently  recovered  from 
an  outbreak. 

The  disease  is  no'^  communicable  to  other  animals,  including 
man.  The  flesh  is  harmless,  but  as  in  severe  cases  the  sheep  are 
emaciated,  the  carcass  is  in  consequence  of  little,  if  of  any,  value 
as  food. 

The  nature  of  the  contagium  is  unknown. 

Btamping-ont  BysteiiL^Sheep  should  not  be  allowed  to  be 
moved  from  an  infected  district  except  for  slaughter.  When  sheep 
are  purchased  to  add  to  the  stock  on  a  farm,  they  should  be 
isolated  for  two  or  three  weeks,  and  carefully  watched  before  they 
are  allowed  to  mix  with  other  sheep.  If  this  disease  is  detected 
in  a  flock,  every  animal  should  be  carefully  examined,  and  any 
BUBpicious  as  well  as  any  diseased  sheep  should  be  completely  isolated 
from  the  rest.  Fleming  recommends  that  those  which  have  been 
in  Qontact,  though  still  apparently  quite  healthy,  should  as  a  pre- 
cautionary measure,  be  made  to  pass  through  a  trough  containing 
a  solution  of  chloride  of  lime  to  a  'depth  of  about  four  inches. 
The  solution  is  made  by  adding  one  or  two  pounds  of  chloride  of 
lime  to  two  buckets  of  rain-water.  If  the  trough  is  placed  at  the 
entrance  to  the  sheepfold,  the  sheep  will  be  compelled  to  traverse 
it  at  least  twice  ta  day.  It  m  also  recommended,  when  diseased 
sheep  are  treated  by  this  plan,  that  after  recovery,  all  manure 
in  the  fold  should  be  removed  and  destroyed,  and  the  soil  dug  up 
to  the  depth  of  six  inches,  or  lime  freely  spread  over  the  surface. 
Troughs  and  hurdles  must  be  thoroughly  disinfected,  and  buildings 
freely  ventilated  after  similar  treatment.  No  locality  can  be  con- 
sidered free  from  suspicion  until  one  or  two  months  have  elapsed 
since  the  recover}'  of  the  last  case 


CHAPTER   XXXIV. 

FOUL-BEOOD— INFECnODS  DISEASE   OF  BEES  IN   ITALY— pfeBRINE — 
PLACHERIE — INFECTIODS   DISEASE  OF  CATERPILLARS. 

Foi'L-BROOD  IK  Bees. 

Foul-brood  is  a,  coutagious  diueaae  attacking  bees  and  especially  the 
larvffi,  TLe  larvte  rapidly  lose  their  healthy  appearance,  die  and 
decompose,  turning  into  a  coffee- wiloui-ed  mass.  The  cells  of  the 
honeycomb  avo  miippod  out  by  the  dark-brown  cuppings  of  the  eella 
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Via.  1!(2.— DiBBASEO  Comb  (Cowsk). 

contauiing  the  diKeased  larvK.  The  decomposition  is  associated  with 
the  production  of  an  unpleasant  »xlonr,  which  can  be  detected  at 
some  distance  from  an  infected  hive.  The  disease  has  been  known 
from  very  early  times.  Pi^eusa  investigatetl  it  microBcopically,  and 
attributed  it  to  "  micrococci."  These  were  really  the  spoi'es  of  a 
bacilluB,  wliich  was  firet  observefl  bv  Cohn.     Later,   Cheshire  and 
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Cheyne  investigated  foul-brood,  isolated  tbe  bacillus,  and  fully 
described  its  morphological  and  biological  characters  in  mitrieul 
media.  By  removing  tht 
otio  of  the  dii^eased  cells,  the  de- 
composing  larva  can  be  withdrawn, 
and  cover -glass  preparations 
reveal  delicate  bacilli  and  largi 
Biwree.  The  bacilli  can  be  readily 
isolated  and  cultivated  in  nutrient 
gelatine. 

Bacillus  alvfli  (CJiesliire  and 
Obeyne).  Bods  varying  in  Hize, 
and  forming  large  ova!  spores. 
They  are  motile  and  puesess  flagella. 
Cultivated  in  nutrient  gelatine  in 
imifying  growth  appears  on  the  surface, 
laases  arise  along  the  needle  track.     Fi-o- 


Fig.  lltL— SroHEH  o 


test-tubes,  a  delicate 

and  irregular  whitish 

ceasee  shoot  out  from  these 

extend   through    the    gelatine    for    long 

distances.     They  are  thickened  at  [xiints 

in  their  course,  and  are  clubbed  at  tlie 

endfi.     The  gelatine  is  graduaUy  liquefied, 

and  the  bacilli  form  a  loose,  white,  floccu- 

lent  deposit  at  the  bottom  of  the  tube. 

The  liquid  in  the  tube  becomes  yellowish 

in  colour  after  a  time,  and  gives  off  an 

odour  of  stile,  but  not  ammoniacal,  urine. 

On  the  sui-face  of  nutrient  gelatine  the 

bitcilli  grow  out  in  chains  of  rods  in  single 

file,  or  of  rows  of   several  side  by  side. 

The  processes  which  are  formed  tend  to 

curve,  and  at  u  short  distance  from  the 

track  of  the  needle  form  a  distinct  circle, 

from   which  another  pi-ocejis  grows  out, 

and   a    fresh   circle    is    developed.     The 

gelatine   in   the    vicinity   of    the    bacilli 

graduaUy    liquefies,     and     channels    ore 

formed     in    the    gelatine    in    wliich  the 

bacilli    move    backwards    and    forwards. 

On   nutrient  agar-agar  a   whitish    layer 

develops,    consisting   of   bacilli    arranged  side    by 

few  days  are  i-eplaced  by  rows  of  spores  similarly 
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potatoes  they  form  a  dryish,  yellow  layer,  and  in  milk  a  tremulous 
jelly.  A  cultivation  of  the  bacillus  in  milk,  sprayed  over  a  honey- 
comb containing  a  healthy  brood  of  bee  larvse,  produced  foul-brood. 
Adult  bees  fed  on  material  containing  bacilli  became  infected. 
Inoculation  of  mice  and  rabbits  with  the  bacillus  gave  doubtful 
results. 

Stamping-out  System. — ^The  infected  bees,  combs,  frames  and 
quilts  must  be  destroyed,  and  the  hives  thoroughly  disinfected,  as 
this  is  the  only  way  in  which  the  resistant  spores  can  be  got  rid  of. 
Cowan  believes  that  if  foul-brood  were  under  Gk)vemment  inspection 
and  infected  hives  were  destroyed,  the  disease  could  be  s^jamped  out.. 


Fig.  195. -Cultivation  on  the  Subpack  op  Gblatink,  x  80 

(Chkshirb  and  Chetne). 


Infectious  Disease  of  Bees  in  Italy. 

In  Italy  bees  are  subject  to  another  infectious  malady,  and 
Oaneatrini  has  found  bacilli  in  the  bees  and  in  the  larvse,  which  are 
believed  to  be  the  cause  of  the  malady. 

Bacillus  of  Infectious  Disease  of  Bees  (Canestrini). — Bods 
2  /jL  in  width  and  4  to  6  /jl  in  length,  occurring  singly,  in  pairs 
and  in  chains,  sometimes  capsulated.  They  are  motile,  and  spore - 
formation  is  present.  They  liquefy  gelatine,  colouring  the  liquid 
pink  and  forming  a  white  deposit.  On  agar  they  form  a  white 
growth,  and  on  potato  ia  claret-coloured  layer.  Cultures  are  said 
to  be  capable  of  producing  the  disease  in  bees  and  larvae. 

Pebrine. 

The  silkworm  disease  known  in  France  as  pebrine  is  characterised 
by  the  appearance  of  black  patches  on  the  skin  of  the  worms.  It 
was  investigated    by   ComaUa,   Nageli,   and   Pasteur.      Pasteur*s 
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prophylactic    meoRui-es    have   been   deacribeil    in   anothyr   chapter 

<p')- 

Panhistophyton  OYatum.  (Lebert.  Xosema  bomhytM,  Mvro- 
eoecws  ovatus^  Corpiisdee  du,  ver-iisoie). — -Shining  oval  cocci,  2  to  3  fi 
long,  2  /I  Vfide,  i^ingly  and  in  piiics,  or  maisaes;  or  rodti,  'I'b  ft  thick, 
and  twice  as  long.  They  multiply  by  subdivision.  They  were 
experimentally  proved  to  be  the  cause  of  pelnnjie,  galtint,  maladU 
des  corjiusdes  or  Fltckaudd ;  ami  were  discovered  in  tbe  organs  of 
diseased  silkworms,  as  well  as  in  the  pupie,  moths,  and  eggs. 

MetchnikofF  Ijelieves  that  these  micro-organisms  are  nc*  bacteria, 
but  paoroHperms. 


Flachbrik, 

Silkworms  are  ilIso  suhject  to  a  very  destructive  disease  known 
an  JlacherU,  fl(ieci<lez:a,  mrtliulie  rfe  inorls  blancs.  The  worms  cease 
feeding,  die  and  become  a  putrid  mass.  The  lEsease  is  dependent 
upon  bad  hygienic  conditions,  and  is  very  infectious.  The  cause 
ha-s  not  been  determined  with  certainty,  but  it  has  been  attributed 
to  a  streptococcus. 

StreptococcOB  bombycU  {Mikroxi/ma  bombycla,  Bichamp). — 
Oval  cocci  1'5  /i  diiim.,  singly,  in  pairs,  and  in  chains.  They  are 
said  to  be  present  in  dust  from  infected  localities. 


£>1HBASE    OF    CATBKPILLAUB. 


Forbes  has  described  i 
caterpillar  {Picria  rapas). 
nuuaes,  were  regarded  as 


n  infectious  disease  of  the  larva 
Cocci  which  were  found  singly 
;he  cause  of  the  malady. 


PAET    III. 
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CHAPTER  XXXV. 

CLASSIFICATION   AND   DESCTUPTION    OF   SPECIES. 

In  reviewing  the  history  of  the  various  classifications  which  have 
from  time  to  time  been  proposed,  we  shall  see  that  the  gradual 
improvements  in  the  means  of  studying  such  minute  objects, 
the  methods  of  cultivating  them  artificially,  and  of  studying  their 
chemistry  and  physiology,  and  the  ever-increasing  revelations  of  the 
microscope,  have  resulted  in  establishing  these  microscopic  objects  as 
members  of  the  vegetable  kingdom,  ranking  among  the  lowest  forms 
of  fungi,  but  with  regard  to  the  division  into  genera  and  species  we 
are  still  in  a  position  of  doubt  and  uncertainty. 

Miiller,  in  1773,  was  the  first  to  suggest  a  classification.  He 
established  two  genera,  Monas  and  Vibrio,  and  grouped  them  with 
the  Infusoria.  In  1824  Bory  de  Saint  Vincent  also  attempted 
a  classification ;  but  it  was  not  until  Ehrenberg  in  1838,  and 
Dujardin  in  1841,  worked  at  the  subject,  that  a  scientific  distinction 
of  species  was  attempted. 

Ehrenberg  described  four  genera  : — 


I.  Bacterium 
II.  Vibrio 
in.  Spirillum 
IV.  Spirochnta 


filaments  straight,  rigid, 
filaments  snake-like,  flexible, 
filaments  spiral,  rigid, 
filaments  spiral,  flexible. 


Dujardin  united  Spirillum  and  Spirochseta,  and  classed  them 
thus : — 

I.  Bacterium  .  .  filaments  rigid,  vacillating. 

II.  Vibrio  .  filaments  flexible,  undnlatory. 

III.  Spirillum.    .  .  filaments  spiral,  rotatory. 

Bacteria  were  still  considered  as  Infusoria,  but  in  1862  Perty 
maintained  that  some  of  the  smallest  living  organisms  belonged  to 
the  animal  and  others  to  the  vegetable  kingdom,  and  that  Vibrios 
without  question  belonged  to  the  latter.     In  1853  Robin  pointed  out 
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the  affinity  of  the  Bacteria  and  YibrioB  to  Leptotbrix ;  and  Davaine, 
in  1859,  insisted  that  the  Yihrios  were  vegetables,  and  were  in 
fact  allied  to  the  Algie. 

Since  that  time  a  flood  of  light  has  poured  in  upon  this  subject 
through  the  writings  of  Hoffmann,  Pasteur,  Cohn,  Eabenhorst, 
Hallier,  Billroth,  Warming,  N'ageli,  Magnin,  Marchand,  Sternberg, 
Van  Tieghem,  Koch,  fliigge,  De  Bary,  Zopf,  Biichner,  Hueppe, 
Marshall  Hall,  and  many  others  who  have  studied  the  morphology, 
life-history,  and  classification  of  bacteria. 

Of  all  these  writers  we  are  most  indebted  to  Cohn,  not  only 
on  account  of  his  researches,  which  extended  over  many  years,  but 
also  for  lus  system  of  classification,  which  has  since  been  almost 
universally  adopted. 

In  his  first  classification,  published  in  1872,  Cohn  considered  the 
Bacteria  as  a  distinct  group  belonging  to  the  Alg»,  and  divisible 
into  four  tribes,  including  six  genera : — 

I.  Sphasrobaoteria  .  .  globules  (Micrococcus), 

n.  MicTobacteria  .  short  rods  (Bacterium), 

ni.  Desmobaoteria  .  long  rods  (Bacillus  and  Vibrio). 

lY.  Spirobacieria  .  spirals  (Sphirocbsata  and  Spirillum). 

Cohn  noted,  in  spite  of  placing  them  with  the  Algse,  that  the 
absence  of  chloi'ophyll  connected  the  Bacteria  to  Fungi,  and  we  find 
Naegeli  subsequently  adopting  this  view,  and  employing  the  term 
Schizomycetes  or  Fis«ion-fungi. 

Billroth,  in  1874,  disputed  the  division  into  sj)ecies,  and  con- 
8idereil  that  all  the  forms  described  by  Cohn  were  but  developmental 
forms  of  one  micro-organism,  Coccobaeteria  septica.  In  the  follcjwing 
year  Cohn  answered  the  criticism  of  Billroth,  and  produced  a  second 
classification,  in  which  he  still  maintained  tliat  distinct  genera  and 
species  existed.  Cohn  considered  the  genera  to  be  distingiiisheil  by 
definite  differences  in  shape,  which  were  adhered  to  throughout  life, 
while  some  st>ecial  feature,  as  a  difference  in  size  or  physiological 
action,  or  some  minute  difference  in  form,  determined  the  \arions 
species. 

The  second  classificjition  of  Cohn  (1875)  only  fHfferecl  from  the 
first  in  that,  instead  of  keeping  the  bacteria  as  a  separate  group,  he 
placed  them,  from  their  close  relationship  with  the  Phycochromacaj, 
under  a  new  group,  the  Schizophytes,  and  adcle<l  the  genera  Lepto- 
tbrix, Beggiatoa,  Crenothrix,  Sarcina,  Ascococcus,  Streptococcus, 
Myconostoc,  and  Streptothrix. 

Fliigge  retained  the  term  Schizomycetes,  and  dirided  tl^em  thus  : — 
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SCHIZOMYCETES   (FlOgge's   Original   Classification). 


/Isolated,  or  in  chains, 
or  united  in  amor- 
phous gelatinous 
families 


o 

> 
O 

P3 
O 

Q 
ae: 

S 

a 

H 
O 


Mieroeoeoui. 


^Colonies  solid,  filled 
with  cells 


Forming  gelatinous 
families  of  definite  * 
form. 


'In  large  numbers, 
in  irregular 
colonies  .  Ascococei€i. 


In  small  but  defi- 
nite numbers,  in 
regular  groups      .  Sarcina, 


Colonies,  with  simple 
layer  of  cells  at  the 
periphery Clathrocystu, 


/Short. 


en 
Q 

^^ 

^  ) 

si 

s 

H 


Isolated,  or  in  small 
heaps  loosely  united, 
or  in  irregular  gela- 
tinous families 


/'Short, 
distinctly 
jointed 


/'Straight 
filaments. 


Long.  < 


''Threads 
isolated, 
i  n  t  e  r  -^ 
laced,  or 
in    bun- 
dles. 


r  Without 
ramifica-< 
tions. 


Long,     ^ 
not  dis- 
tinctly 
jointed. 


Thin 
Thick 


Wayy.     or/^^^^  "^^ 
lOng  fiezile 


■^^^\. 


Pseudo-ramifications 


.  Bacterium, 


Bacilltu. 


Leptathrix, 
Beggiatoa, 


Threads  in  roundish  gelatinous  masses 


Sjnraehipte 

(vibrio). 

Spirillum. 


(Streptathrix. 
CUUhrothrix. 


.  Myconoitoe, 
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The  belief  is  neverthelees  rapidly  gaining  ground  that  the  lowest 
forms  of  vegetable  life  cannot  be  divided  by  a  hard-and-fa^t  line 
into  a  series  with  chlorophyll  (A1ga>),  and  a  Heriea  without  it  (Fungi), 
and  the  tendency  now  is  to  solve  the  difference  of  opinion  between 
Oohn  and  Kageli  by  following  the  example  of  Sa^ha,  and  amalga- 
mating the  two  series  into  one  group,  the  Thallophytes. 

Researches  by  competent  observers  have  more  recently  clearly 
demonstrated  that  several  micro-organisms  in  their  life  cycle  exliibit 
successively  the  shapes  characteristic  of  the  orders  of  Cohn. 

This  doctrine  of  pleomorpliism,  now  widely  accepted,  was  dis- 
tinctly foreshadowed  in  a  publication  by  Lister  in  1873,  though 
this  memoir  contained  cei-tain  conclusions  which  have  since  been 
abandoned.  Lister  desci-ihed  forms  of  cocci,  bacteria,  bacilli,  and 
streptothi'ix  in  milk,  which  he  regarded  as  phases  of  the  same 
micro-organism,  Bacterium  lactis.  As  a  result  of  his  observations. 
Lister  remarks  that  "  any  classification  of  bacteria  hitherto  made 
from  that  of  Elhi-enherg  to  that  of  Oohn  based  npon  absolute  mor- 
phological characters  in  entirely  untrustworthy."  To  Lankester, 
however,  belongs  the  credit  of  having  definitely  and  precisely  formu- 
lated this  doctrine.  In  a  paper,  alao  published  in  1873,  LankeMter 
observed  that  the  series  of  form-phases  which  he  had  discovei'eii  in 
the  case  of  a  peach-coloured  bacterium  leil  him  to  suppose  that 
the  natural  species  of  these  plants  were  "  within  the  proper  limits 
protean,  and  that  the  existence  of  true  species  of  bacteria  must  be 
characterised,  not  by  the  simple  form-features  used  by  Oohn,  but  by 
the  eiuemble  of  their  morphological  and  physiological  properties  as 
exhibited  in  their  complete  life- histories."  Lankester  inferred  that 
these  phase-forms  were  genetically  connected,  in  that  they  all  pos- 
sessed the  common  characteristic  of  a  special  pigment,  bacterio- 
purpurin.  These  conclusions  were  vigorously  opjxwed  by  Oohn,  and 
doubt  still  remains  in  the  minds  of  some  as  to  whether  the  different 
forms  are  really  only  stages  in  the  life-history  of  a  single  sjiecies. 
Nevertheless  the  theory  of  pleomorphism  has  steadily  gaine<l  ground 
ever  since. 

Oieukowski  and  Keelsen  worked  out  the  different  forms  assumed 
by  the  bacillus  of  blue  milk  ;  Zopf  has  in  a  similar  manner  investi- 
gated Cladothrix,  Beggiatoa,  and  Crenothrix,  and  traced  out  various 
forms  (Fig.  196) ;  Van  Tieghem  has  investigated  Bacillus  amylobacter 
with  a  similar  result ;  Hauser  has  described  bacillar,  spirillar, 
spirulinar,  and  various  other  forms  in  the  Proteus  miratnlis  and 
Proteus  vulgaris.  These  fads  obviously  shake  the  very  foundation 
of  Cohn's  classification,  and  we  ai-e  left  without  possessing  a  sound 
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baeiB  for  classification  into  genera  or  species.  The  mode  of  repro- 
duction ia  not  sufficiently  known  to  afford  a  better  means  for 
distinction  than  the  other  morphological  appearances  taken  alone ; 
nor  can  we  depend  upon  physiological  action,  which  is  held  by 
many  to  vary  with  the  change  of  form,  according  to  altered 
mdings. 


Fio.  196. 

CuDOTHUxDlcHOlOHA.— A.BnDcbedSchuom;oet«;  (n)  Vibrio-fonn  j(fr)  Spiril- 
lum>fonii  [slightl;  magnifiodj  B.  Screw-fonn  ftt  the  endsr  (a)  Spinlliun- 
form ;  (6)  Vibrio-form.  C.  Very  long  SpirochnU-funn.  D.  Branch  fngment, 
»t  one  end  Spirillum.fonn,  at  the  other  Vibrio-form.  E.  ScTBw.form : 
(a)  CoDtinuouB ;  {b)  Compoeed  of  rods ;  uid  (c)  Cocci.  F.  SpirochBt».fonn : 
[a)  Continuous;  (6)  Compoeed  of  long  rode;  (e)  Short  rods;  and  (d)  Coooi 
(Zopf). 

Zopf ,  who  has  warmly  supported  the  pleomorphism  of  bacteria, 
has  suggested  as  a  result  of  his  investigations  a  division  of  the 
Schizomycetes,  Spaltpike,  or  Fission -fungi,  into  the  following  four 
groups : — 
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Group  I.  CoccACEiE. — ^Pofiseasing  (so  far  as  our  knowledge  at  present 
reaches)  only  oooci,  and  thread-forms  resulting  from  the  joxtaposition  o; 
cocci.    The  fission  occurs  in  one  or  more  directions. 
Genus  I.    Streptococcus  (Ghain-oocci). — ^Division  in  one  or  more 

tions.    Individual  cocci  remain  united  together  to  form  chains. 
Genus   II.    Merismopedia  (Plate-cocci). — Divisions   in    two  direoti 

forming  lamelle  or  plates. 
Genus  III.    Sarcina  (Packet-cocci). — Division  in  three  direoiion%  form 

ing  colonies  in  cubes  or  packets. 
Genus  lY.    Micrococcus  (Mass-cocci). — Division  in  one  direction, 

after  division  remain  aggregated  in  irregular  clusters,  or  singly, 

in  pairs  or  in  chains  of  three  or  four  elements. 
Genus  V.    Aficococcta  (Pellicle-cocci). — Like  micrococcus,  but  the 

grow  in  characteristic  gelatinous  pellicles. 

Group  II.    Bacteriaceje.— Possessing  mostly  oooci,  rods  (i 
or  bent),  and  thread-forms  (straight  or  spiral).    The  first  may  be  abeen 
and  the  last  possess  no  distinction  between  base  and  apex.     Division  ( 
far  as  is  known)  occurs  only  in  one  direction. 
Genus  I.    Bacterium, — Cocci  and  rods,  or  only  rods,  which  are  jot 

together  to  form  threads.    Spore-'formation  absent  or  unknown. 
Genus  II.    Sjniillum, — Threads  screw-form,  made  up  of  rods  (long 

short)  only,   or   of  rods   and   cocci.     Spore-formation  absent 

unknown. 
Genus  III.    Leuconostoc. — Cocci  and  rods.    Spore-formation  praent 

cocci. 
G^nus  lY.    Bacillus, — Cocci  and  rods,  or  rods  only,  forming  stomi^t 

twisted  threads.    Spore-formation  present  either  in  rods  or  oocci. 
Genus  Y.     Vibrio, — Threads  screw-form  in  long  or  short  links.    Sp(^ 

formation  present. 
Genus  YI.     Clostridium. — Same  as  bacillus,  but  spore-formation 

place  in  characteristically  enlarged  rods. 

Group  III.     Leitotriche.b. — Possessing  cocci,  rods,  and  th 
forms  (which  show  a  distinction  between  base  and  apex).    The  1 
straight  or  spiral. 
Genus  I.     Crf7io/A}*u:.— Threads  articulated  ;  cells  sulphurless ;   hah 

water. 
Genus    II.     Be.gg'uiim. — Threads    unarticulated ;    cells    with    snip 

granules  ;  habitat  water. 
Genus  III.     Phragmidiothri.c,—l!YyTez;dA  jointless  ;  successive  subdiviss. 

of  cells  is  continuous  ;  cells  sulphurless  ;  habitat  water. 
Genus  lY.    LepUftJirix, — Threads  articulated  or  unarticulated  ;  sncoeBaE£  ^ve 

subdivisions  of  cells  not  continuous  ;  cells  sulphurless. 

Group  IY.    Cladotrich^.e. — Possessing  cocci,  rods,  threads, 
spirals.    Thread-forms  provided  with  false  branchings. 
Genus ;— Cladothrix. 


or 
or 

in 

or 
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Zopf,  however,  does  not  assert  that  all  the  fission-fungi  exhibit 
this  pleomorphism,  nor  does  he  pretend  that  his  classification  will 
include  all  the  micro-organisms  described.  Cohn,  on  the  other 
hand,  was  ready  to  admit  that  all  the  forms  described  by  him  were 
not  truly  independent  species.  De  Bary,  Hueppe,  Baumgarten,  and 
Flugge  have  expressed  other  \iews  with  regard  to  the  classification 
of  bacteria. 

De  Bary  divides  them  into  two  great  groups — ^bacteria  which 
form  endospores,  and  bacteria  which  form  arthrospores.  This 
affords  but  little  practical  assistance,  though  regarded  by 
botanists,  from  a  scientific  standpoint,  as  a  step  in  the  right 
direction. 

Hueppe,  acknowledging  that  the  fructification  must  eventually 
be  made  the  basis  for  classification,  suggests  an  arrangement  for 
provisional  use  in  which  this  view  is  introduced  (p.  482). 

It  has  already  been  mentioned  that  the  production  of  arthrospores 
Is  only  established  in  a  very  few  species.  Therefore,  we  are 
hardly  justified  in  assuming  that  all  bacteria,  the  spore-formation 
of  which  is  quite  unknown,  are  to  be  included  with  those  in  which 
this  kind  of  fructification  has  been  observed,  and  consequently  to 
distinguish  genera  on  the  same  grounds  may  be  considered,  to  say 
the  least,  somewhat  premature.  In  Baumgarten's  classification  the 
genus  bacterium  is  dispensed  with,  and  the  genera  divided  into  two 
groups,  the  monomorphic  and  the  pleomorphic. 

Gboup  I.— Monomorphic. 

Genera. — Coocus. 
Bacillus. 
Spirillum. 

Group  II. — Pleomorpuic. 

Genera. — Spirulina. 
Leptothrix. 
Cladothrix. 

FlUgge  also,  in  his  revised  classification,  includes  the  genus 
bacterium  in  the  genus  bacillus.  The  new  classification  differs 
also  from  the  original  one  in  the  grouping  together  of  the  different 
species  according  to  the  character  and  behaviour  of  the  colonies 
in  nutrient  gelatine.  The  abolition,  in  FlUgge*s  and  Baumgarten's 
chissification,  of  the  genus  bacterium  is  no  doubt  owing  to  confusion 
having  arisen  from  the  distinction,  between  a  bacterium  and  a 
bacillus,  being  made  to  depend  upon  length.  Observers  differed 
as  to  whether  a  rod  of  a  certain  length  ought  to  be  considei^ed  a 
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bncterium  or  a  bacilluB.  To  meet  this  difficulty  a  i-ough-and- 
ready  rule  was  sn^ested — vit.,  that  a  rod  less  than  twice  it*. 
breadth  in  length  should  be  considered  as  a  bacterium,  and  other- 
wifle  a  bacillus.  But  this  purely  arbitrary  division  was  inadequate, 
from  the  fact  that  a  rod  at  one  stage  of  its  growth  or  iinder  certain 
conditions  might,  as  far  iih  length  went,  truly  be  a  bacterium,  and 
under  other  circUDistaneeB  be  of  such  a  length  us  to  entitle  its  being 
considered  a  bacillus  (Fig.  197).  We  should  avoid  sufh  confusion 
if  we  followed  Zopf,  and  acknowledged  aa  a  difference  between  a 
bacterium  and  a  bacillus  the  presence  or  absence  of  that  form  of 
spore-formation  now  distinguished  as  endogenous  spore -format  ion. 
We  might  then  conveniently  retniu  this  generic  term,  to  include 
tbat  group  of  i-od-fonns  in  which    thLs  s]Kire-fonnation  is  as  yet 


'#•^1' 


Fi<i.  l'J7.— Fkckdlaniiem 


CIS,    .   IWtO  (Zopf). 


unknown ;  moreover,  we  should,  by  so  doing,  with  one  or  tw 
exceptions,  collect  together  those  short  rod-forms  which  appear  t 
link  the  simple  cocci  to  the  spore-bearing  rods  or  bacilli. 

The  grouping  together  of  the  different  species  according  to  tb 
character  of  the  colonies  in  nutrient  gelatine  is  also  of  questionnbl 
advisability.  These  charactere  can  hardly  be  considered  to  be  i 
sufficient  importance,  or  indeed  in  many  cases  to  Iw  suilicientl 
constant,  to  serve  by  themselves  for  this  purpose.  In  many  casi 
a  alight  variation  in  the  com{K>sitinn  of  the  nutrient  medium  ma 
considerably  affect  the  ap])earauce:i  of  the  colonies.  At  the  sam 
time,  the  appearancea  are  very  characteristic  of  certain  species  t 
bacteria,  and  in  some  caties  the  characters  of  the  colonies,  togetbc 
with  the  characters  of  the  growth  in  test-tubes,  assist  us  i 
distinguishing  species  which  are  morphologically  similar,  as  in  th 
case  of  the  comma-bacilli  of  Finkler  and  of  Koch. 
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The  dasBificatioD  of  Zopf  will  lead  the  investigator  to  work  npon 
the  same  lines,  and  by  tradng  the  life-history  of  individual  forms 
in  pure-cultivations  either  to  extend  the  work  of  establishing 
protean  species  or  to  restrict  the  doctrine  of  pleomorphism  to  a  few 
forms.  For  though  the  author  prefers  the  classification  proposed  by 
Zopf,  he  is  not  prepared  to  accept  his  views  entirely — for  instance, 
to  regard  the  bacterium  of  rabbit  septicsemia  as  a  micrococcus. 

Any  arrangement  at  present  can  only  be  considered  provisional, 

and  therefore  the  most  practical  classification  must  be  considered 

the  best.     In  fact,  much  more  investigation  is  required  before  we 

-can  arrive  at  a  permanent  and  thoroughly  scientific  classification 

-of  the  known  bacteria.     Many  bacteria  have  been  described  by 

different  observers  as  different  species  which  are  really  ideuticaL 

Many  micro-organisms  have  been  described  and  named  as  new 

upecies  with  very  insufficient  investigation.    The  determination  of 

Bpedes  rests  upon  the  accumulated  evidence  afforded  by  a  thorough 

knowledge  of    their  life-history.     The  morphological    appearances 

under  different  conditions  must  be  carefully  studied,  the  presence 

•or  absence  of  movement  and  of  spore-formation,  and  when  pi*esent 

the  exact  character;  the  appearances  of  colonies  and  of  test-tube 

•cultivations  in  different  media  and  under  different  circumstances; 

the  liquefaction  and  other  changes  in  nutrient  media;  the  nature 

of  the  chemical  products,  if  any,  and  the  effect  on  the  living  animal 

of  the  bacterium  itself  and  of  its  products,  in  varying  doses,  must 

all  be  taken  into  account.     We  must  nho  ascertain  whether  the 

bacterium   is   an  aerobe  requiring   tlie  presence  of   oxygen,  or   an 

€tnaerobe  growing  only  in  the  absence  of  it,  or  a  faculUitive  anaerobe 

growing  equally  well  with  or  without  it ;  and  histly,  we  must  know 

whether  tlie  bacterium  is  a  jxira^ite  requiring  a  living  host,  or  a 

saprophyte    existing    on   dead   animal    or    vegetable   matter,   or   a 

facultative  parasite  capable  both   of   growing  in  the  living  animal 

and    of    leading   a    saprophytic   existence.      Several   writers   have 

classified  the  bacteria  which  have  been  described  hitherto  l)y  taking 

some  of  these  charactei's  into  account,  and  so  preparing  a  IL^t  which 

is  convenient  for  the  purixwe  of  bacteriological  diagnosis.     A  system 

of  this  kind  is  of  value  in  leading  investigatoi^s  to  supply  information 

which  is  wanting  in  order  to  verify  and  amplify  the  inforuiation 

upon  which  the  classification  is  based,  and  to  identify  species  which 

liave  l>een  described  under  different  names. 


CLASSIFICATION    OF    SPECIES 
FOR    BACTERIOLOGICAL    DIAGNOSIS 

COCCI. 


(a)  gelatine  not  liquefied. 

(a)  Chromogenic. 


MicruciiccuH  violaceus 
Micrococcus  cuneus  . 
Micrococcua  cerwinus  bIgcuh 
Micrucoocm  cimubkreuB 
Micrococcm  Bunntiacua 
Micrococcus  veraicolor 
Micrucoocna  luteiu 
MicrococcuB  dtrauB 
MicrucoccuB  ochroleucuB 


Mici 


ibSbvu 


MicruCDccud  B^liH  citrouA 
Micnicocciia  (Uvuh  t«rdig™dl 
Staphylococcus  viridis  flaveBcens 


Violet       . 

W»ter.    - 

Flesh-red  . 

W«ter. 

Cherry-reil 

W«ter. 

Cinn»b«r-red    . 

Air ;  water. 

Onnge 

W«ter, 

Yellow      , 

Water. 

Yellow 

Water. 

Yellow      . 

Water. 

Yellow      . 

Water. 

Yellow      . 

Water. 

YeUow      . 

Air. 

YeUow      . 

GreenUhyelluw 

:       Lyi^ph. 

(b)  Bon^Oiroiiuv^c. 

Micrococcus  uandicans 
MicrococcuB  caudidus 
MiiTuooccuB  conceutricus 
MicrococcuB  fn'vidoeuB 
Micrococcus  oereus  albuM 
MicrococcuB  aquatilis 
MicrococcuB  aquatilis  inviwbtlis 
Micrucuocus  cumulatuB  tsniuH 
Microuoccus  raeettaceuB    . 
Micrococcus  viticuloeuB      . 
Mi 


Micrococcus  of  Mjiiifredi 


W»ter. 
Water. 
Water. 
Pus;  wa 
Water. 
Water. 
Nasal  mi 
Water. 


Conjunctiva. 
Vaginal  secretion 
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CLASSIFICATION  OF  SPEQES 


HABITAT. 

Diploooocus  ooryzsB Nasal  mucus. 

Fteudo-diploooocus  pneumonisB Meningitis. 

MicroooccuB  tetragenus Sputum. 

Microooocns  tetragenus  mobilia  ventriculi       ....  Stomach. 

Fediococous oerevisise Beer;  air. 

PedioooocuB addi lactioi Malt;  hay-dust. 

Streptooooous  pyogenes Pus. 

Streptocoocus  brevis Saliva. 

Streptococcus  septicus Soil 

Streptococcus  vormiformis Water. 

Streptocoocus  of  mastitis  in  cows Pus. 

Streptococcus  in  strangles Pus. 

Streptococcus  addi  lactici Milk. 


(B)  GELATINE  LIQUEFIED. 


(a)  Chromogenic. 

Micrococcus  agilis 
Micrococcus  roseus 
Staphylococcus  pyogenes  aureus 
Micrococcus  in  pemphigus 
Staphylococcus  salivarius  pyogenes 
Micrococcus  fuscus 
Micrococcus  flavus  desidens 
Micrococcus  oremoides 
Micrococcus  botryogenus   . 
Miorooooous  Finlayensis    . 
Staphylococcus  pyogenes  citrous 
MicrocoaiuH  citreuH  liquffaciens 
Micrococcus  flavua  liquefacieiis  . 
Micrococcus  tetragenus  versatilin 
DiplococciiB  flavuH  liquefacieuH  tardus 
Dii)lococciu4  Hubflavus 
Dipl()coccii8  citreus  coiiglomeratus 
Difilocoecus  luteiiH 
Diplococcus  ro«eu» 
Dix)lococcu8  fluurescens  ftutidua 


OOLOUB. 

Pink. 

Fink. 

Orange 

Orange 

Orange 

Brown 

Yellowish-brown 

Yellowish-jrhite 

Yellowish. 

P^e-yellow 

Yellow 

YeUow 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Pink. 

Green 


(b)  Non-Chromogenic 

Micrococcim  albim  li(iuefacien» . 
MicrococcuH  aerogeneu       .        .        .        ■ 
MicrococcuH  radiatus         .        .        .        ■ 

Micrococcus  ftetiduu 

Micrococcus  in  Biskra-button  or  Pendjeh  sore 
Micrococcus  in  influenza    .... 
MicrcKroccus  Freiidenreiehi 
Micrococcus  in  yellow  fever 
Micrococcus  lactis  ^tscosus 
Micrococcus  acidi  lactici  liquefaciens 
Micrococcus  ure«e  liciuefaciens  . 
Micrococcus  in  gangrenous  mastitis  in  sheep 
Staphylococcus  pyogenes  albus 
Staphylococcus  pyosepticus 
Diplococcus  albicans  amx)lu8     . 


Water. 

Sputum. 

Pus. 

Bullae. 

Saliva. 

Water. 

Air;  water. 

Water. 

Equine  tumours. 

Yellow  fever. 

Pus. 

Eczema. 

Air ;  water. 

Blo<xl. 

Eczema. 

Vaginal  mucus. 

Pus ;  air. 

Water. 

Air. 

Pr^terior  nare.s. 


Nasal  mucus. 
Intestine. 
Air ;  water. 
Xiusiil  mucus. 
Pus. 
Jilood. 
Milk. 
H1(kk1. 
Cream. 

Cheesy  butter. 
ITi-iiie. 
Milk. 
l»us. 
Pus. 
Vaginal  secretion. 
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HABITAT. 

Podioooocus  albus Water. 

Streptococcus  liquefaciens Blood. 

Streptococcus  septicus  liquefaciens Blood. 

Streptococcus  albus Water. 

Streptococcus  of  Mannaberg Urine. 

Streptococcus  coli  gracilis FsBces. 

(c)    NO    GROWTH    IN    GELATINE. 

Micrococcus  pneumonise  crouposse Saliva. 

Micrococcus  endocarditidis  rugatus Heart. 

Nitromonas  of  Winogradsky SoiL 

Micrococcus  in  pemphigus Bullae 

Micrococcus  in  influenza Sputum. 

Micrococcus  gonorrhoes Pus. 

Diplocoocus  intercellularis  meningitidis Meningitis. 

Micrococcus  tetragenus  subflavus Nasal  mucus. 

Streptococcus  giganteus  urethrse Urethra. 

Streptococcus  of  Bonome Meningitis. 

(D)    GROWTH   IN    GELATINE    UNDETERMINED. 

Aacococcus  Bilrothii Meat  infusion. 

Leuconoetoc  mesenteroides Beet  juice ;  mo- 
lasses. 

Streptococcus  of  progressive  tissue  necrosis  in  mice  Putrid  blood. 

Micrococcus  pyogenes  tenuis Pus. 

Micrococcus  of  pyaemia  in  rabbits Meat  infusion. 

Micrococcus  of  progressive  abscess  formation  in  mice  Putrid  blood. 

Micrococcus  of  Forl)es Cabbage  cater- 
pillars. 

Micrococcus  in  syphilis Blood 

Streptococcus  Havaniensis Liver. 

Streptococcus  perniciosus  psittacorum Blood  of  parrot. 

Streptococcus  bombycis Diseased     s  i  1  k  - 

worms. 


PACKET    COCCI. 

(A)  GELATINE  NOT  LIQUEFIED. 

(a)  Non-Chromogenic. 

Sarcina  pulmounm Phthisical  sputum. 

Sarcina  ventriculi Stomach. 

(B)  GELATINE  LIQUEFIED. 

(a)  Chromogenic. 

Sarcina  mobilis 
Sarcina  rosea 
Sarcina  flavea 
Sarcina  lutea 
Sarcina  aurantiaca 


COLOUR. 

•                     ■                     •                     • 

Red  . 

Ascitic  fluid 

•                         •                         •                         • 

Red  . 

Air. 

•                         •                         • 

YeUow 

Beer. 

•                    •                     •                     • 

Yellow      . 

Air. 

ca      .        .        . 

Orange-yellow . 

Air ;  water. 
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(b)  Kon-Chroniogaiie. 


Sftrranaalbft 


HABITAT. 

Air;  water. 
Air  of  breweries 


BODS. 

(I.)  AEROBES   OR   FAOULTATIVB   ANAEROBES 

(A)  GELATINE  NOT  LIQUEFIED, 
(a)  Chromosenie. 

(A)  8FOBB-FOBMATION   PRESENT, 
(a)  Motile. 

OOLOUB.   - 

Baoilliis  (qranagenuB    ....      Ghwyiah-bhie    .  Blue  milk. 

BmslQub  erythroBpoms  Greenifih-yellow  Water. 

BaoilloB  in  infantile  diwrboBa  (Leaage)    Green  Intestine. 


(»)  Nan^Metik. 

1 

BacillaB  bmnneuB 

Brown 

Water. 

(B)  8POBB-rORM ATIOX  UNKNOWN. 

(a)  Motile. 

BaoiUQB  nibefacienB    . 

Pale-pink 

Water. 

BaoilliiB  rubeioenB 

Pale-pink 

Sewers. 

BaoilloB  f obohb  Umbatus 

Brown 

Rotten  eggs. 

BaoilluB  beroliniemufl  Indicus 

Indig^blue 

Water. 

Baoillu8  cyanogenus  Jordaniensis             Bluish 

Sewers. 

Bacillus  aiu^ntiacuH    . 

Orange     . 

Water. 

Bacillus  fluuresoens  aureus 

Orange 

Water. 

Bacillus  fluoresoens  longus  . 

Greyish-yellow 

Water. 

Bacillus  fluoresoens  tenuis  . 

Greenish-yellow 

Water. 

Bacillus  constrictus 

Pale-yellow 

Water. 

Bacillus  subflavuM 

Pale-yellow 

Water. 

Bacillus  aureus 

Golden-yellow  . 

Water;  eczema 

Bacillus  flavescens 

Yellow     . 

Swamp- water. 

BacilluH  heminecrobiophiluK 

YellouTsh 

Ca»eous  glands. 

Bacillus  canalis  iiarvus 

Yellowish 

Sewer- water. 

Bacillus  fluoreHcens  putidus 

Greenish  . 

Water. 

Bacillus  dentalis  viridans 

Opali>scent -green 

CarioiLS  dentine 

Bacillus  virescens 

Green 
(J)  Nm-MotiU'. 

Sputum. 

Bacillus  latericeus 

Brick-red 

Water. 

Bacillutt  spiniferuM 

Greyish -yellow 

lk?zema. 

Bacillus  in  pur])ura  h«emorrhagi(.»            Greyish-yellow 

Blood. 

Bacillus  uteuH 

Orange-yellow . 

Wiiter. 

Bacillus  in  cholera  in  ducks 

Yellowish 

BUkxI. 

Bacillus  flavo-coriaoeuH 

Sulphur-yellow 

Water. 

Bacillus  Htriatiitt  tlavit* . 

Sulphur-yellow 

Xasal  mucus. 

Bacillus  f uncus 

Deep-yellow 

WatiT. 

Bacillus  fluoresceins  non-liquefaciens  .       GreiMii.sh -yellow 

^^'at(■r. 

FOB   BACTERIOLOOICAL  DUQNOSIS.  iO» 

(b)  Kon-Chroouveiiie. 

U)  SPOBB-TORMATION  FKESBHT. 

(•)    Jfortfa.  lUMWT, 

Bocillu)  putrificuB  coli Humwi  fffloee. 

BaoilluB  BepticuB  veaiok Cratitw. 

BocilluH  in  auicer Stonwch. 

(A)  ^ro»-Mi>tiU. 

BaciLuB  acidi  Uctici  (Hueppe) Sour  milk. 

Bacillus  coprogeneB  fietiduB Swioe  rawaleti. 

BacilluH  subtilis  Binul&ns Hunuui  [hMB. 

Bacillua  epidermidis Skin. 

Bacillus  of  Colomuitti Conjunctiva. 

(B)  SPORE-FOBHATION  UNKNOWN. 

(a)  MoliU. 

BaciUiia  uKlenutiB  urobicuB Earth. 

BacilliuurFulltB(l.)  Earth. 

BacilluB  KtolonatUB Water. 

BaciUiu  venenoBUB  brevia Water. 

Bacillus  venenoBUB Water. 

Bacillus  gntdlix  anaerobicacenB Water. 

Bact]lii«  tiivisiliiliii Water. 

Badllua  albub Water. 

Bacillus  venenoBUB  invtsibilis Wat«r 

BacilluH  aquatUis  Bulcatua Water. 

Bacillus  argeDteo-phcaphoracenH 8ea-waUir. 

Bacillus  gliBcroftenuB Urine. 

Bacillus  cystiformui Urine. 

BaciUus  of  Guilleheau Milk. 

Bacterium  Zopfii loteetine  ;  air. 

Bacillus  ventriculi Stomach  of  dogH. 

Bacillus  Goli  cummuniB Intestine. 

Bacillus  cavicida Intestine. 

Bacillus  of  Vtpadel Inlcatine. 

Bacillus  aerogenee      ...  Inteetine. 

1iHliiii>ui<  t^rium  MTugeun. Intestine. 

Bacillus  iiLHinigitHis  jiiu^luutiB Pux. 

Bacillus  pyogenm  [(BtiduB Pun. 

Proteus  Zenkeri Putrid  suUitanrajB. 

Bacillus  enteritidix PoiBonuUB  meat. 

Bacillus  hyacinthi  septicus Rutlen  hyacinths. 

Fruleus  lethalis SepCicsmia. 

Bacillus  i^iidaimnJitidiB  griHeuB EndocarditiH. 

Bacillu*  ctf  Roth  (I.) Old  rags. 

BacilluH  ^haffen Chr«se ;  potato. 

Bacillus  uf  swine-plagUF Lymphatic  glands. 

'    Bacillus  typhi  ahdominaliH Spleen  and  glands. 

Bacillus  cai-icida  Havaniensis    . Intestine. 

BarilliM  cuniculicida  Havaniensis Intestine 


cLAanncATioN  of 
(*)  iftM^Momt. 


a  uhiqnitoa 
BaciUua  niuJtiiHMlk'iiliis  . 
Bwallni  albua  jiiuu-'iubieMcons 
BadDui  Kurniaaua 
Baeillua  canaliH  (j»iJ"ut»lus 
BujinnBofRoiliin.) 
Bacilliia  u-niiix  ^^ixitLguiius 
B»ci]lu»ir:L'-.--ii-'.|iulijfi;nua 
Bacillus  copmgenea  pMvn* 
BacdlluB  of  FiooG* 
BacdlluB  Rtrutua  klbtw 
BaoiUua.'.ij>.iil;ir.,^  iiiiicusub 
BkcilluB  i>~f-iiil>>-'li|ilitUeritioii 
Baoteriiun  ntoB 
Bxalloa  nodoaiu  paxvm  ■ 
Baotllua..\W,..  ii-i.TTiifnoaus 
BkCiUua  1...  ii~  |.itiijl,«i 
Bftcillna  liijilj.iLu-.  iti.'uli  lutiH 
BaciUtia  ..u  i,iu~  a.iimtianiinua 
BkcillUBi 
BwnUuiofToi 
BacilloH  capeubitiii 
BaciUuB  of  {jurpure  hnmorrhagioa  (Bab^) 
BacilluH  of  purinin  hemorrhagica  (Kolb) 
BacilluH  pejitiiaemia  liiHnorThiigiciE . 
Pnrt<-u»  capsulftliissepticufl 
BacilluB  ncldifiimiaiu 
HacilluH  lull  (umilie  . 
BacilluH  hepaticuB  furtuitua 
Uacilliu  filiformU  UiivanienaU 
Bai.'illiu  uf  Martinez . 
BacilliiK  diphtk'ri«  culiimbrerum 


Bacillua  diphtherue  . 

Kac'iUiiH  of  Sil.luiiiii-lliuH'h 
BaciUtkH  i.<L7»u hit  11.1  Siiiithii 
BacilhtB.'.v'>,,a.ti-tsur»   . 

Bacilliu  of  FHedliiiider  . 
Bikcillug  imuunicHetiticuH    . 

Botillus  ci'ijl  ii-ii.~  kfiiLtijriialiii 
Bacillus  of  inii^iiiuLl  i|i]ihl)it 
Bacillus  ot  wium:uiiU4;iuKk '>: 
Bacillus  iieeudo-tubcn.'<Lli»i)i 
Bat'ttrluiD  thulii-idciim 
Uoi-illiis  tiilliiianim    . 


Old  rags. 
Sputum. 
Sputum. 
Fieoea. 
SoUn. 
Naaal  tDucuH. 
Naaalaaoietkm. 
Health;  thn^t. 

Health;  urethn. 

Milk. 

Milk. 

MUk. 


I^in 

tiiiii. 

S.-J 

licpt 

Kti 

iitk 

Int(B*tiiLf. 

I'llS. 

Intfmal  urgntin. 

IiiCc«tim'. 

l(lo<-l. 
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(b)  Kon-Cbrouu^feiue. 

(t)  BPOKB-FORMATION  PKBBKKT. 

(a)  MotOt.  BUt»i. 

BaciUuB  putrificus  coli       .  Human  frectB. 

BtwillUB  Hepticns  veaioa CyBtitu. 

BacilluB  in  cancer Stomach. 

(fr)  IfeM-MotOr. 

BacilluH  acidi  lactici  (Uueppe) Sour  milk. 

Bacillus  coprogonea  fcetiduB       .......  Swine  meaBlnt. 

BacilliusubtiliaBimilans' Human  feeceii. 

Bacillus  epidermidiH Skin. 

Bacillus  of  Colomiatti Conjunctiva. 

(B)  8P0BB-FORMAT1ON  UNKNOWN. 

(a)  MtttOe. 

Bacilliu  ledematiti  aerobicuH lilattli. 

BaciUuH  of  FuUm  {I.| Earth. 

Bacillus  atolonataa Water. 

Bacillus  venenoeus  brevis Water. 

BacilliiH  venenoaua Water. 

Bacillus  gracilis  anaerotneaceiu Water. 

BaoilluH  inviBiliiliB Water. 

BaailluB  albus Water. 

Bacillus  veiienoBUB  invimbilin Water 

Bacillun  aquatilia  sulcatus Water. 

Bacillus  arKenteo-phaaphmaoemi Sea.water. 

Bacillus  gliHcrogenoB Urine- 
Bacillus  cystiformis   Urine. 

BaciUitB  of  Guillebeau Milk. 

Bacterium  ZopBi Intestine ;  air. 

Bacillus  ventricnli      .........  Stomach  uf  dogs- 
Bacillus  coli  conununis      Intestine. 

Bacillus  cavicida Intestine. 

BacilLuH  of  Utpadel Intmtine. 

Bacillus  aemgenes Int««tinF. 

Bacterium  aerogenes 'Intestine, 

Bacillus  meningitidis  punilentie Pus. 

Bacillus  [)f  ogenee  fcBtidus Pus. 

Proteus  Zenkeri Putrid  suliaUnceH. 

Bacillus  eoteritidis Poisonous  meat. 

BaciDus  hyacinth!  septicus Rotten  hyacinthn. 

Proteus  lethalis Septiotemia. 

Bacillus  endocaiditidis  griaem EndocarditiH. 

Bacillus  of  Roth  (I.) Old  rags. 

Bacillus  Schafferi ClH'esis  pi.talc. 

Bacillus  of  Hvine-plague LyDiphatifgtamlh. 

'.    Bacil  his  typhi  abdominalis Spleen  and  glandn. 

Bacillus  cas-icida  Havanieosis Intestine. 

BacilliuH  cuniculicida  Hftvaniensis Intattine 
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Bacillus  prodigioBUA   ....      Btood-red 

Air. 

.        .      Frog-B  l}ini.h. 

WiiWr. 

BwiUus  helvolua                                       Veltuw 

Wati'r. 

WttUT. 

Skin. 

liqnefadenB      .         .         .                          VeUowiali 

.       Sea-wnttT, 

B»cleriumteniio(Vigiuil).                      YellowUh 

:4nli>n. 

BaoiUuiianiBragcJiDuaffttidiit     .              (ireen 

Onena. 

(b)  Non-Chromo genie. 

(A)  6FUBE-FIJBMATI0N   PBKSKNT. 

(a)  Motitf. 

BuciliUB  inflntuB          .... 

Air. 

Air';duBt;ac»i^rv. 

B»cilliw  mycoicies 

Soil;  water. 

B«iUu8  ™iii.»u.        .... 

Soil ;  water. 

B«i]lu«  gTRcilU 

Water. 

E»cil!iia  eiroulftns 

.        .      Water. 

UrobBcilliui  Uticisuii 

.        .      Water. 

,        .      Water. 

B«oiUnfl  limoaus .         .... 

.        .      Sc«li«igin«a, 

BwiUns  bulyriciut       .... 

.        .      Milk. 

SkcillUB  HenBii 

.        .      Milk. 

BKaiufl  Iftctia  albul.    . 

.      ,     Milk. 

B«^i[lua  iLoderm*.       , 

Milk. 

Urob«wiUuij  Paateuri  . 

,         .       Urine. 

BmcUluB  meeentericuB  fusciu 

.         .       Potato:   duBt 

BaciUuB  mesentericuH  vulgatua . 

Potftlo;  water,  eti 

B«:il!ua  of  poUto  rot 

Rutting  potatoe. 

BkUIus  maidia 

Maize  infusion. 

BacUlus  tumeaoena      .... 

Boiled  cabbage. 
.        .      Beet-root. 

BadUiaaubtilU 

Du»t:  water;  soil 

BkciUuHBubtiliBBimUia      . 

.         ,       Liver. 

Liver- 

BMiUuaufScheurUii 

BmUIus  alvEJ 

Lsrv«  of  Iww. 

(*)  A'on-MetiU. 

BfhcUlua  aorophilua     ...... 

Water. 

BuiUua  eiifuimia 

Water. 

BacUlus  vermicularin 

Water. 

BMillua  incanua 

BaciUiiB  inunctus 

Swam  jv  water. 

Bacillua  gnnuloaua 

BunUua  caniUnun 

.      BoiW  enmit. 
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B«cillii«  jirgenteo-phospboreBCtna FialL 

ftreillug  KioaragdiDC-phoBphorenoenB Fish. 

BwiUoBph.ixphDreBceiiBselidiw        .        .        .        .  Cuttiufiah. 

Proteua  hnmiuiB  tapBulatiuj Blood. 

Bwrillim  of  (rrmisedisefttw. Blood. 

BacilliH  lactU  w 


(a)  gelatine  liquefied. 

(a>  Chroin<q;eiiiG. 

(>)  8PORK-T0BMATI0N   PBE8BNT. 

(0)  MotUe. 

Bacillus  viuUceuH       ....  Deep-violet 

BodlluB  ill  diBeaae  of  bees  (Cuieatriiii)  Fink . 

Bftcillui!  iu  "  Tod-eod  "       .  Bed  . 

Bacillus  invKenterious  ruber  Beddinh'yeUoir 
Bacillus      fluorcHcens      liquefaciens 

minutissimus Oreenisb-yellow 


)  SPOBB-FORHATION    UNKNOWN. 


Baoilli 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

BacilluM 

Bacilli 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 

Bacillus 


viulaceua  Idurentiua 

carniculor 
rubidu« . 


Bluish-violet 
Deep-violet 


arborHffiens   . 

plicatiliB 
pyocyaneus  . 


pyocj-ancus    . 


Violet-black 
Dark  flesh -colour 
Brownish -red    . 
Sealingwax-red 
MagcDta-red 
YeUow      . 
Yellow      . 
YeUow      . 
Yellow      . 
Yellow      . 
Yallowish 
Yello  msh-grpen 
Grt*oi>ih-yel)ow. 
GK*uish-bro«-n 
Bluish -^reeti     . 
Green  or  brown 


(i)  XoK-Volile. 
Bacillus  otenilmis        ....      Blue . 

Bacillus  bUucus Grey. 

Bacillus  uiembranaoeus  amethystiiius      Vitjet 
Bacillus  lactis  erythrogenes  .      Bed  . 

Bacillus  mycoidee  roeeus  .        .      Red  . 


Blood. 

Saliva. 
Water. 


Water. 

ChHWr; 
WatfT. 


CLASSinCATION   OF  SFEaBS 


BaoUluB  uIdb  (Vigiwl) Saliva. 

T>'[.tothrisLutctt1iit(Vjgn»I| Mouth. 

BooilluB  I'ttripiHun  TOiijunotivn' Oonjunctiv*. 

BMilluai^iri«n.-[>)-.«Pne. Alveolar  ■hBoesi'. 

BHiillua  pulpe  pyogenes GsngTenouBtoolh- 

pulp. 

BooiUuB  giaveoleDB Skin  of  feet. 

Pneumo-bncilltu  liquefaciens  bovis Lung. 

(c)  NO  GROWTH  IN  GELATINE. 

(i)  SPOBK-FORMATION  FRBSBNT. 
(a)  Mctile. 

BacUluH  lUua White  of  egg. 

Bocilluii  in  putrid  broncbitin Sputum. 

Bacilliu  mallei Gluideied  tiwiie. 

(fr)  Nm-Motae. 

BocilluB  in  erfChema  nodoaum Blood. 

Booilliui  tuberculoeia ,        .  Tubercular  timue. 

(»  BPOBE-FOBUATION  ABBBNT. 

BKinut  unguiniii  typhi Blood. 

Baoillua  septicun  ocuminatu" Septic  infection. 

BooilluB  necrophoruti Condyloma. 

(0)  87ORE.F0RHATI0N  NOT  HTATBD. 

Booillus  allantoidm Air. 

Bacillus  nitrifioanH Soil. 

Bacillua  in  meoaleK Blood. 

Bacillus  in  uphthalmiii Conjunctiva. 


(II)  GROWTH  IN  GELATINE  NOT  STATED, 

BaciHuM  iwniliK Blr-«i, 

BacilluB  leplij«|«irii Air 

Bacillus  alii  I Putn'fyingniiionn. 

Bacillus  indigogcii  11- Infuwon  of  indisi". 


II.     ANAEROBES. 
(a)  GELATINE    LIQUEFIED. 

(«)  MPOIIB-FOBMATIOX    PRESENT. 
(«)  M..t»e. 

Batillus  nilifllux 

BaciltuHbutyricuii<Botkiii) 

Clostridium  fu^tiduui 
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HABITAT. 

Bacillus  radiatus £arth. 

Bacillus  liquefaciens  mag^us Earth. 

Bacillus  spinoBus Earth. 

Bacillus  thala^tophilus Sea-dredgings. 

Bacillus  of  symptomatic  anthrax Tissues  (quarter-il  1). 

Bacillus  oedematis  maligni Lymph. 

Bacillus  tetaui Wounds ;  earth. 

(J)  Nm-Motile, 

Bacillus  liquefaciens  parvus Earth. 

Bacillus  anaerobicus  liquefaciens Yellow  fever. 


(B)  GELATINE  NOT  LIQUEFIED. 

(A)  BPORB-FORMATION  PRESENT. 

(a)  Motile. 

Bacillus  amylozyma Water. 

Bacillus  solidus Earth. 

Bacillus  polypiformis Earth. 

(h)  Non-MotUe. 
Bacillus  muscoides Earth. 

(B)  SPORE-FORMATION  ABSENT. 
(b)  Non-Motile, 
Bacillus  aerogenes  capsulatus Blood. 

(c)  GROWTH  IN  GELATINE  NOT  STATED. 

(A)  SPORB-FORMATION   PRESENT, 
(a)  Motile, 

Bacillus  butyricus Vegetable      infu- 
sions, etc. 

(B)  SPORE-PORMATION  UNKNOWN. 
Bacillus  cadaveris Liver. 

CURVED    RODS. 

(A)  GELATINE  NOT  LIQUEFIED. 

(a)  Chromogenic. 

(a)  Motile, 

COLOUR. 

Spirillum  rubrum        ....     Deep-red     .        .        .       Putrid  mouse. 

(b)  Non-Chromogenic. 

Spirillum  suis Intestine  of  swine. 
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Spirillum  conoentricum 
Spirillum  saprophiles 


(J)  Non-Motile. 


(a)  Chromogenic. 


Spirillum  flaveBoenis 
Spirillum  flavum 
Spirillum  uureum 


COLOUR. 

Yellowish-green 
Ochre-yellow 
Orange-yellow    . 


Cb)  Non-Chromogenic. 

Spirillum  lingufe         .... 
spirillum  nanale         .... 


HABITAT. 

Putrefying  blood. 
Hay-inf  uhI  on ; 
sewage. 


Sewers. 
SewerH. 
Sewenj. 


Deposit  on  tong^ie. 
Nasal  mucuH. 


GELATINE    LIQUEFIED, 
(a)  Non-Chromogenic. 

(a)  Motile. 

Spirillum  cholerse  Asiatics 
Spirillum  of  Finkler  and  Prior 
Spirillum  Metchnikovi 
Spirillum  of  Miller    . 
Spirillum  of  Sanarelli 
Spirillum  tyrogenum 
Spirillum  marinum    . 


Intestine. 

Intestine. 

Intestine  of  fowls. 

Carious  teeth. 

Water. 

Old  cheene. 

Sea-dredgingM. 


NO    GROWTH    IN    GELATINE,    OR    UNDETERMINED. 

(a)  MfltHe. 


Spirillum  Obermeieri 
Spirillum  anserum 
Spirillum  undula 
Spirillum  sputigenum 
Spirillum  seriK^is 
Spirillum  U*n\ut . 
Spirillum  volutann 
Spirillum  plicatile 


Spirilhun  dentiuni 
Spirillum  sanguineuni 


(ft)  Now  Motile. 


Blood. 

]31o(xl  of  gee^*«•. 
Putrid  infuMiunn. 
(lUniH. 

Stagnant  watt^r. 
Putrid  infusiouH. 
Swiinip- water. 
Swamp- water. 


(IUl^^s, 
Brackinh  water. 


BRANCHING    FILAMENTS. 

Streptothrix  actinomycotica. 
Strept<jthrix  alba. 
Streptothrix  licpiefacuens. 
Streptothrix  museulonmi  suiH. 
Streptothrix  Hofmanni. 
Streptothrix  farcinica. 
Streptothrix  asteroide^. 
Streptothrix  carnea. 
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Streptothrix  aurantiaoa. 
Streptothrix  chromogenes. 
Streptothrix  odorifera. 
Streptothrix  violacea. 
Streptothrix  Forsteri. 
Streptothrix  madurse. 


NOT    CLASSIFIED. 

Bacillus  indigonaceufa. 
Bacillus  proteus  fluorc^cens. 
Begg^iatoa  alln. 
Beggiatoa  mirabilis. 
Beggiatoa  roseo-jiersicina. 
Oladothrix  dichotoma. 
Cladothrix  invulnerabilis. 
Crenothrix  Kuhniana. 
Diplococcus  citreus  liquefaciens. 
Leptothrix  huccalis.  • 

Leptothrix  gigantea. 
Micrococcus  aquatilis  invisibilis. 
Micrococcus  crepusculum. 
Micrococcus  fuetidus. 
Micrococcus  Havaniensis. 
Micrococcus  of  septicaemia  in  rabbits. 
Monas  Okenii. 
Monas  vinoea. 
Monas  Warmingii. 
Myconoetoc  gregarium. 
Rhabdomonas  rosea. 
Sarcina  hyalina. 
Sarcina  intestinalis. 
Sarcina  litoralis. 
Sarcina  Reitenbachii. 
Sarcina  urinae. 
Sphsrotilus  natans. 
Spirillum  attenuatum. 
Spirillum  leucomelaneum. 
Spirillum  rosaceum. 
Spirillum  Rosenbergii. 
Spirillum  rufum. 
Spiromonas  Cohnii. 
Spiromonas  volubilis. 
Streptococcus  cadaveris. 
Streptococcus  fiavus  desidens. 
Vibrio  rugula. 
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DE-SCUIPTIUN    OF    SPECIES    AKRANGED    FOR 
REFERENCE   IN   ALPHABETICAL   ORDER. 


AacococcuB    Billrothii.— Small 

glutmkr  cocci,  united  iiitu  charac- 
terJHtie  colonies. 

They  form  on  the  surfiice  of 
nourishing  Huids  a  cream-like  iikin, 
divisible  into  an  enorinoua  number 
of  glofanlar  or  oval  families.  Each 
family  is  surrounded  by  a  thick 
oapsale  of  cartilaginous  uonBiatency. 
In  a  solution  containing  ncid  tar- 
trate of  ammonia  the  fungi ^nerate 
butyric  acid,  and  change  the  origin- 
ally acid  fluid  into  an  alkaline  one. 


They  were  first  observed  on  putrid 
broth,  and  later  on  ordinary  nourish- 
ing solutions;  they  also  readily  de- 
velop upon  damp  slices  of  boiled 

AsGObacillaB    citrene    ( Uona, 
Tummusoli).- Rods     sometimes 
rved,  1-3  fi  iu  length,  *i!/ 


siugly,  in  pairs,  »nd  i 


colonies  develop    slowly,   and  ( 

,   yellowish  in  colour. 

I       The  cocci  inoculated  in  the  depOl 

of  gelatine  form  small  colonies  i' 

I   the  track  of  the  netidle,  and  a 

pale-yellow  growth  on  the  surfacsa 
I   liquefaction  sets  in  slowly. 

Un  agar  the  growth  is  gelatin 
and  orange  in  colour,  and  rapid! 
'  extends  over  the  surface. 

On  potato  the  growth  is  abnndant^fl 
I   and  pale  yellow. 

They  were  isolated  from  the  si 
in  eczema  seborrhoeicum. 

Bacillus  acidiformaiu  (Ste 
berg).— Short  rods,  r.'i  to  ;l  /i 
length,  i  'li  fi  in  width,  and  & 

Colonies  circular  :  iridetoeat  } 
reflected  light. 

Inoculated  in  the  depth  of  d 
tine  they  grow  freely  in  the  track  i 
the  needle,  and  form  aheniispher 
mass  an  the  surface.     They  pro  ' 
gas  bubbles. 

On  agar  the  growth  is  milk-n 
and  the  jelly  becomes  strongly  a( 
On  potato  the  growth  is  a' 

In  broth  with 5  percent,  glyoe 
they  produce  opacity  and  a  o 
viscid  deposit,   and   the  sari 
covered  with  gas  bubbles. 

Injected  into  the  peri 
cavity  of  rabbits  and  guine 
they  produce  death  in  twenjy-jlf 

They  were  isolated  from  the  li 
in  a  fatal  case  of  yellow  fever. 
BaciUuB  acidi'laotici  (Hi 

-  Itoda   I  to  3H  fi  long,  am 
id  thread  forms. 


The  j  fomiatiun    present. 
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cultures  the  breadth  of  the  rods  is 
diminished.  They  grow  best  be- 
tween S5'*  and  42°  C,  and  cease 
under  10"  C.  Over  45-5"  C.  they 
no  longer  produce  acidity. 

Whitish  colonies  appear  on  the 
second  day. 

In  gelatine  a  delicate  growth 
appears  along  the  whole  track  of 
the  needle,  with  spherical  forms 
here  and  there. 

In  milk  they  produce  lactic  acid 
and  the  casein  is  precipitated. 

Bacillus  aerogenes  (Miller).— 

Small  rods  varjdng  in  length. 
Colonies  white  or  yeUowish- white  ; 
concentric. 

In  the  depth  of  gelatine  they 
produce  a  yellowish  filament,  and 
on  the  surface  a  grey  patch  with 
dentated  periphery ;  later  the  fila- 
ment is  brown. 

On  potato  the  growth  is  yellowish 
and  dry. 

They  were  isolated  from  the  i9- 
testine  in  health. 

Bacillus  aerogenes  capsulatus 

(Welch). — Rods  straight  or  slightly 
curved,  3  to  G  ft ;  threads  and 
chains  ;  capsulated. 

Colonies  on  agar  greyish-white, 
with  hairy  processes. 

They  peptenise  gelatine  and  pro- 
duce gas.  Broth  becomes  turbid, 
and  there  is  an  abundant  sediment. 
Milk  is  coagulated.  Cultures  have 
a  faint  smell  of  glue. 

Injected  into  rabbits  they  pro- 
duce gas  in  the  blood  and  internal 
organs. 

They  were  isolated  from  a  patient 
after  death,  with  blood-vessels  full 
of  gas. 

Bacillus  aerophilus  (Liborius). 
— Rods  and  filaments. 

Colonies  punctiform  ;  greyish- 
yellow. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  produce  a  funnel  of 
liijuefied  jelly,  with  flocculi  in  the 
lower  part. 

On  potato  they  form  a  smooth 
yellowish  layer. 

They  were  isolated  from  con- 
taminated cultures. 

Bacillus  albus  (Eisenberg).— 
Rods  and  chains. 


Colonies  circular,  white. 

In  gelatine  the  bacilli  grow  in  the 
track  of  the  needle,  and  form  a 
white  hemispherical  mass  on  the 
free  surface. 

On  agar  the  growth  is  pure  white,^ 
and  on  potato  yellowish- white. 

They  occur  in  water. 

Bacillus  albus  anaerobiescens 

(Vaughan). — Short  rods. 

Colonies  circular,  yellowish- 
brown. 

Inoculated  in  the  depth  of  gela- 
tine they  grow  in  the  track  of  the 
needle,  and  on  the  free  surface. 

On  agar  the  growth  is  pure  white, 
and  on  potato  yellowish-white. 

They  occur  in  water. 

Bacillus  albus  cadaver  is 
(Straussmann  and  Strieker). — Rods 
2*5  fx  in  length,  '75  /a  in  width,  and 
filaments. 

Colonies  yellowish  ;  circular,  and 
later  radiated. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  a  funnel  of  lique- 
fied gelatine  with  a  thick  deposit. 

On  agar  there  is  an  abundant 
white  growth. 

On  potato  the  growth  is  white  or 
yellowish-white,  and  colours  the 
potato  in  the  vicinity  bluish-brown. 
The  cultures  have  a  putrefactive 
odour. 

Mice  inoculated  subcutaneously 
die  in  six  hours,  and  guinea-pigs  in 
twenty-four. 

They  were  isolated  from  putrid 
human  blood. 

Bacillus  albus  putidus  (De 
Bary). — Rods  and  filaments.  j 

Colonies  circular  and  brownish. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  rapid  lique- 
faction. 

On  agar  and  potato  the  growth 
is  slimy.  Cultures  develop  a  strong 
putrefactive  odour. 

They  occur  in  water. 

BaciUus  allantoides  (L.  Klein), 

— Rods  2  to  2'5  fA  in  length,  5  fi  in 
width,  and  in  chains.  The  rods 
develop  cocci-forms  united  l»y  a 
gelatinous  subatance  into  zooghjea 
masses.  They  were  isolated  from 
a  contaminated  culture. 

Bacillus  allii  (Griffiths).— Rods 
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5  to  7  ft  in  length)  2*5  /a  in  widtb^ 
«ingly,  in  pairs,  and  zoogloBa. 

On  agar  they  produce  a  bright 
green  film,  and  cultures  are  said  to 
emit  traces  of  sulphuretted  hydro- 
gen. 

They  were  isolated  from  putrid 
onions. 

Bacillus  alvei  (p.  470). 
Bacillus  amylozvma  (Perdrix). 

— Bods  2  to  3  fi  in  length  and  *5  /x 
in  width,  in  pairs,  and  in  chains. 
They  are  anaerobic. 

Colonies  white,  and  producing  gas 
bubbles. 

On  potato  in  an  atmosphere  of 
hydrogen  the  bacilli  partly  liquefy 
it,  and  there  is  abundant  formation 
of  gas. 

They  ferment  sugar  and  starch. 

Bacillus    anaerobicus    lique- 

faciens  (Sternberg).— Slender  rods, 
about  '6  /i  in  diam.,  in  pairs,  and 
in  filaments. 

Colonies  granular  and  white ;  sur- 
rounded by  liquefied  gelatine. 

They  grow  along  the  track  of 
the  needle  when  inoculated  in  the 
depth  of  agar. 

They  were  isolated  from  the  in- 
testine in  a  fatal  case  of  yellow 
fever. 

Bacillus  anthracis  (p.  192). 

Bacillus  aquatilis  (Frankland). 
— Hods  2i)  fi  in  length,  and  filaments 
17  /i  or  longer.  They  resemble 
Bacillus  arl>ore8cena. 

Colonies  after  liquefaction  of  the 
gelatine  have  a  yellowish-brown 
nucleus  from  which  proceed  twisted 
strands  of  filaments. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  in  the  track  of  the 
needle  is  at  first  almost  invisible, 
later  liquefaction  occurs. 

On  agar  the  growth  is  shining 
and  yellowish. 

Broth  becomes  turbid,  and  a 
sediment  forms  at  the  )x)ttom  of 
the  tube. 

On  potato  there  is  a  slightly 
yellowish  streak. 

They  occur  in  water. 

Bacillus  aquatilis  fluorescens 

(Lustig). — Short    thin    rods    with 
rounded  ends.     Non-motile. 

Colonies  fern-like  and  iridescent. 


Compare  Eisenberg's  Bnv'dlus fluo- 
rcRceuH  nou-  liq  uefiwieiis. 

Bacillus  aauatilis  graveolens 

(Tataroff). — Slender  rods  1'3  /x  in 
length.     They  rapidly  liquefy  gela- 
tine and  produce  an  odour  like  that 
of  perspiration  from  the  feet. 
They  occur  in  water. 

Bacillus  aquatilis  sulcatus 
(Weichselbaum),  No.  I. — Rods  mor- 
phologically, and  in  cultures  resem- 
bling Bacillus  typhosus. 

Colonies  in  gelatine  exhibit  lines 
and  furrows. 

The  growth  on  the  surface  of 
gelatine  is  said  to  be  greater  than  in 
cultures  of  Bacillus  typhosus  grown 
for  comparison. 

They  occur  in  water. 

No.  II. — Rods  also  resembling  in 
morphology  and  cultivation  the 
Bacillus  typhosus. 

Colonies  are  said  to  be  thicker  than 
those  of  No.  L,  and  not  dentated. 

The  growth  on  potatoes  is  yel- 
lowish-brown, and  emits  a  faint 
odour  of  urine. 

They  occur  in  water. 

No.  III. — Very  short  rods. 

Colonies  show  lines  and  farrows, 
and  are  yellowish. 

On  the  surface  of  gelatine  the 
growth  develops  as  a  thin  whitish 
film. 

On  agar  the  growth  is  white  and 
abundant. 

On  potato  the  growth  is  yellow. 

They  were  isolated  from  water. 

No.  IV.-  Rods  and  filaments. 

Colonies  circular  and  bluish. 

On  the  surface  of  gelatine  the 
growth  is  greyish- white,  and  on 
agar  there  is  a  similar  apjiearance. 

They  do  not  grow  on  potato. 

They  occur  in  water. 

No.  V. — Rods  rather  thicker  than 
those  of  Bacillus  typhosus. 

Colonies  similar  to  those  of  No.  I. 

The  growth  on  the  surface  ot 
gelatine  is  yellow. 

On  agar  the  growth  is  viscid  and 
yellow,  and  on  potato  the  growth  is 
faintly  yellow  and  the  surrounding 
medium  stained  bluish-grey. 

They  occur  in  water. 

Bacillus  arborescens  (Frank- 
land). — Rods  25  /i  in  length,  and 
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*5  fi  in  width,  singly,  in  pairs,  and 
in  short  chains,  nnd  filaments. 

Colonies  throw  ont  delicate 
branches  with  a  highly  characteristic 
appearance ;  the  gelatine  slowly 
liquefies,  the  nucleus  of  the  colony 
becomes  yellow,  and  the  periphery 
iridescent. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  form  a  cloudiness  in 
the  track  of  the  needle,  and  an 
iridescent  layer  on  the  surface  with 
central  depression  of  the  gelatine 
and  commencing  liquefaction. 
Later  the  liquefaction  produces 
a  funnel,  and  there  is  a  yellow 
dei>08it. 

On  the  surface  of  agar  the  layer 
is  a  dirty  orange  colour. 

On  potato  the  growth  is  orange 
red  with  irregular  protuberances, 
and  limited  in  growth. 

They  occur  in  water. 

Bacillus  argenteo-phosphores- 

cens  (Katz),  No.  I.— Rods  slightly 
curved  with  pointed  ends,  2*5  /*  in 
length,  width  one-third  of  their 
length  :  singly,  in  pairs,  and  long 
wavy  filaments. 

Colonies  circular  ;  at  first  trans- 
parent droplets,  later  yellowish  in 
colour. 

On  the  surface  of  gelatine  they 
form  a  greenish-yellow  film. 

In  broth  they  produce  turbidity, 
and  later  a  skin  on  the  surface,  and 
on  sterilised  fish  a  pale-yellow  sticky 
growth. 

Cultures  are  photogenic. 

They  were  isolated  from  the  sea 
at  Sydney. 

No.  II. — Rods  with  rounded  ends 
•27  M  in  length,  -67  ft  in  width,  and 
filaments. 

Colonies  on  gelatine  are  circular 
with  sharp  contours  and  greyish - 
yellow  in  colour ;  later  they  are 
irregular  and  granular. 

Inoculated  in  gelatine  the  bacilli 
form  a  greyish- white  filament  in 
the  track  of  the  needle,  and  a  shining 
patch  on  the  surface. 

On  the  surface  of  obliquely  solidi- 
fied gelatine  they  form  a  bluish- 
grey  film. 

In  broth  they  produce  only 
turbidity. 


Cultures  are  photogenic. 

They  were  isolated  from  phospho- 
rescent fish. 

No.  III. — Rods  not  so  thick  as 
those  of  No.  II.,  singly,  in  pairs,  and 
filaments.     They  are  motile. 

Colonies  are  white,  scaly,  and 
wrinkled. 

On  the  surface  of  gelatine  the 
growth  spreads  over  the  medium. 

On  agar  the  growth  is  scanty. 

In  broth  they  produce  turbidity 
and  a  skin  floating  on  the  surface. 

Cultures  are  photogenic  after  a 
few  days*  growth. 

They  were  isolated  from  a  piece 
of  cuttle-fish. 

Bacillus  ar^enteo-phosphores- 
cens  liquefaciens.— Rods  straight 

or  slightly  bent,  2  fi  in  length,  and 
in  width  one- third  of  their  length  ; 
filaments. 

Colonies  circular,  pale  brown  or 
pale  yellow  and,  after  liquefaction, 
with  radiating  processes  extending 
into  the  surrounding  gelatine. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  growth  in  the  track 
of  the  needle,  and  near  the  surface 
a  cup-sbaped  area  of  liquefaction. 

In  broth  they  produce  turbidity, 
and  form  a  skin  on  the  surface. 

On  sterilised  fish  they  form  a 
yellow  layer. 

They  are  photogenic  but  not 
markedly  so. 

Bacillus  aurantiacus  (Frank- 
land). — Rods  short  and  thick,  singly, 
in  pairs,  and  in  filaments. 

Colonies  are  prominent  and  pale 
orange  in  colour. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  slight  growth  in  the 
track  of  the  needle  and  an  orange 
patch  on  the  free  surface. 

On  agar  and  potato  the  growth 
is  also  orange. 

The}'  occur  in  water. 

Bacillus  aureus  (Adametz).— 

Slender  rods  straight  or  slightly 
bent,  1'6  to  4  /x  in  length,  and  5  /x 
in  width  ;  in  pairs,  filaments,  and 
masses.     They  are  motile. 

Colonies  circular  or  oval  and 
yellow  in  colour. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  very  limited  in 
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the  track  of  the  needle,  while 
flmall  chrome-yellow  hemiapherical 
maH8C8  develop  on  the  free  surface. 

On  potato  they  form  a  chrome- 
yellow  growth. 

They  occur  in  water  and  on  the 
skin. 

Bacillus  berolinensis  Indicus 

(Cliisstn). — Slender  rods,  singly,  in 
pairs,  and  short  chains  ;  capsulated. 

Colonies  at  first  whitish  acquire 
in  a  few  days  an  indigo-blue  colour. 

On  the  surface  of  gelatine  they 
form  a  blue  layer,  which  slowly 
spreads. 

On  the  surface  of  agar  the  indigo- 
blue  colour  is  very  marked. 

On  potato  they  grow  abundantly, 
and  develop  the  same  colour.  The 
piffment  is  insoluble  in  alcohol, 
•chloroform  or  water,  soluble  in 
strong  acids,  and  decolorised  by 
ammonia. 

They  were  isolated  from  river 
water  at  Berlin. 

Bacillus  brassicsB  (Pommer).— 

Rods  1*9  to  5'4  /i  in  length,  91  to 
1'2  fi  in  width,  and  filaments.  They 
form  spores. 

Colonies  have  the  appearance  of 
a  fine  mycelium. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  in  the  track  of  the 
needle  sends  off  fine  filament!*,  and 
liquefaction  quickly  follows. 

In  the  depth  of  agar  white 
colonies  form  in  the  track  of  the 
needle,  and  on  the  surface  the 
growth  is  first  cloudy  and  lattir 
yellowish. 

They  were  isolated  from  infusion 
of  cabbage. 

Bacillus  brevis  (Mori).  Rods 
•25  fi  long  and  8  /x  broad.  Non- 
motile. 

Colonies  pale-yellow  ;  non-lique- 
fying. 

Inoculated  in  the  depth  of  gela- 
tine small  dots  appear  along  the 
needle  track  and  a  pale  yellowish 
growth  on  the  surface. 

*0n  agar  at  35**  C.  a  yellowish 
jmd  on  blood  serum  a  greyish 
growth  appears  in  two  or  three 
days.  They  do  not  grow  on  potato. 
Id  broth  they  form  a  white  cloudy 
deposit 


Mice  inoculated  subcutaneously 
die  in  from  sixteen  to  thirty  hours. 
They  are  also  pathogenic  in  guinea- 
pigs  and  rabbits. 

They  were  found  in  drain  water. 

Bacillus    bnmneus    ( Adametz 

and  Wichman). — Rods  small  and 
slender.    Spore  formation  present. 

Colonies  at  first  white,  later 
brownish. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  occurs  along  the 
track  of  the  needle  and  also  on 
the  surface,  developing  a  brownish 
colour  in  the  surrounding  gelatine. 

They  occur  in  water. 

Bacillus  buccalis  fortuitus 
rVignal). — Rods  1*4  to  3  ^  in 
length,  singly,  and  in  pairs. 

Colonies  circular  and  liquefying. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  occurs  slowly,  and 
white  flocculi  occur  in  the  liquid, 
and  later  subside  to  the  l)ottom. 

In  broth  they  produce  turbidity 
and  a  skin  on  the  surface. 

They  were  isolated  from  saliva. 

Bacillus    buccalis    maximus 

(Miller). — Rods  2  to  10 /x  in  length, 
1  to  1'3  /i  in  width,  and  filaments 
30  to  150  ft  in  length. 
They  occur  in  the  mouth. 

Bacillus  buccalis  minutus  ( Vig- 

nal). — Rods  5  to  1  ^  in  length, 
and  slightly  less  in  width. 

Colonies  circular  and  faintly 
yellow. 

Inoculated  in  the  depth  of  gela- 
tine they  form  a  yellowish- white 
growth  in  the  track  of  the  needle, 
and  a  i)atch  of  the  same  colour  on 
the  surface  ;  licjuefaction  com- 
mences slowly,  and  extends  down- 
wards until  the  gelatine  is  com- 
pletely liquefied  and  a  yellow  mass 
collects  at  the  bottom  of  the  tube. 
In  broth  there  is  a  similar  deposit, 
and  an  iridescent  pellicle  on  the 
surface. 

On  {>otato  they  form  a  yellow  film. 

They  were  isolated  from  saliva. 

Bacillus      butyricus,     (Praz- 

mowski.    Jiacilliix  nmylobadcr^  Van 
•Tieghem  ;    limiUuH  of  butyric  iw.id 
finiietiUithni). — Rods  3  to  10  /x  long, 
under  1  ft  wide,  often  indistinguish- 
able from  Bacillus  Hubtilis.     They 
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^w  ont  into  long,  apparently  un- 
jointed  threads.  The;  are  mostly 
actively  motile,  but  also  occur  in 
zoogloea.  The  rods  and  thre&de 
are  somatimeB  slightly  bent,  like 
TJbrios.  ThejBre  anaerobic.  The 
shorter  rods  as  a  rule  swell  in  the 
middle,  becoming  ellipsoidal,  lemon, 


"o  »0  -#  "^i  ,^ 


Kiu 


199.  — Clobthidiuh 


A.  Activi- Biage.  (o,  li)Beiitroda(vibrio- 

rorui}    and    threada.      {e)    Short 
rudH.     (d)  Long  rods. 

B.  S|>[>re-furmation.    C.  Spore^gemiiiis- 

[iun,    (PntEtnowski. ) 

or  spindle-shaped  ;  the  long  rods, 
and  sometimes  the  short  ones,  swell 
at  one  eud  ;  in  either  case  ellipsoidal 
Kpores  are  developed  (^Fig.  1^9). 

Cultivated  in  nDtrient  gelatine, 
the  medium  is  liquefied,  and  a  scum 
formed  on  the  surface.    They  grow 


best  between  36°  and  40°  C.  The 
spores  are  widely  distributed  in 
nature,  and  grow  readily  on  fleshy 
roots,  old  cheese,  etc.  They  convert 
the  lactic  acid  in  milk  into  butyric 
acid,  and  produce  the  ripening  of 
cheese. 

They  occur  also  in  solutions  of 
starch,  dextrine,  and  sugar,  and  are 
the  iiclive  agentu  in  the  fermenta- 
tion of  sauern^ntand  sour  gbcrkimi. 

BacillUB  IjutyricuB  (Botkin).— 
Rods  and  filaments,  spore-formation 
present.     They  are  anaerobic. 

Colonies     consist      of     felt-like 

Inoculated  in  the  depth  of  gela- 
tine with  1-5  pier  cent,  of  grape- 
sugar,  the  growth  commences  in 
the  lower  part  of  the  needle  track 
with  abundant  formation  of  gas 
bubbles  and  liquefaction  of  the 
jdlj. 

In  milk  there  is  abundant  gas 
formation,  which  will  break  the 
flasks  if -closed. 

They  were  isolated  from  milk, 

earth,  and  water. 

Bacillus       bntTricuB 

]q    (Hueppe).— Bods  slightly  bent, 

■^     21  /I  in  length,  '38  ft  in  width, 

and  filaments. 

Colonies  yellowinh ;  rapidly 
liquefying. 

Inoculated  in  the  depth  of 
geUtiue  liquefaction  occurs 
along  the  track  of  the  needle,  and 
later  a  wrinkled  skin  floats  on 
the  surface. 

On   agar   the   growth   is  yel- 

On     potato    the    growth    is 
wrinkled  and  faintly  yellow. 
They  coagn  late  milk,  precipita- 
ting and  then  dissolving  the  casein. 
They  occur  in  milk. 


I'2  fi  in  width,  singly,  in  pairs,  and 
in  filaments. 

They  are  anaerobic.  (Colonies  in 
glycerine-agar  are  irregular,  granu- 
lar, and  white. 

They  produce  an  acid  reaction 
in  cultures. 

SubcutAueous  injection  in  guinea- 
pigs    may      produce     extensive 
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codema  and  death  in  twenty-fonr 
hours. 

They  were  obtained  from  the 
liTer  in  fatal  cases  of  yellow  fever. 

Bwdlliui  cmmleiia  (Smith).— 

Bods  2  to  2*5  fi  in  length,  and  '5  n 
in  width,  sinsly  and  in  chains. 

Oolonies  bine. 

Inoculated  in  the  depth  of  gela- 
tine they  form  a  ooloarless  growth 
in  the  track  of  the  needle,  and  a 
cap-shaped  cavity  in  its  upper  part, 
with  bluish  contents. 

Ono^j^ar  they  form  a  blue  layer 
and  a  deep-bine  growth  on  potato. 

They  occur  in  water. 

Baeulns    caailis    eapeulatoi 

(Mm).— Rods  9  to  16  ^  m  width, 
capsnlated. 

Colonies  milk-white. 

The  growth  in  the  depth  of  gela- 
line  is  similar  to  Friedlftnder's 
pnenmococcns. 

On  agar  the  growth  is  viscid,  and 
on  potato  it  is  yellowish. 

In  broth  a  skin  forms  on  the 
sorface. 

They  are  pathogenic  in  mice. 

They  occur  in  sewage. 

Baeilliis  eaaaliiparyiui  (Mori). 

-Rods  2  to  5  ft  in  length,  *8  to  1  ft 
in  width. 

Colonies  very  niinute,  pale  yellow. 

On  the  surface  of  gelatine  they 
very  slowly  form  a  yellowish  film. 

On  agar  the  growth  is  dry  and 
yellow. 

They  are  pathogenic  in  mice  and 
guinea-pigs. 

They  occur  in  sewage. 

BacilliLs  candicans  (Frankland). 
— Very  short  rods  and  filaments. 

Colonies  pure  white. 

Inoculated  in  the  depth  of  gela- 
tine they  form  isolated  colonies  in 
the  track  of  the  needle,  and  a  white 
button  on  the  free  surface. 

On  agar  they  form  a  greyish 
layer,  and  flourish  on  potato. 

They  occur  in  soil. 

Bacillus   capsnlatus   (Mori).— 

Oval  forms  and  rods,  sometimes 
encapsuled.  Xon-motile.  Colonies 
white. 

Inoculated  in  the  depth  of  gela- 
tine and  agfir  a  nail-shaped  growth 
occurs. 


I 


In  broth  they  form  a  white- 
turbidity,  and  a  white  pelliole 
develops  on  the  surface  and  on  th» 
sides  of  the  vessels. 

On  potato  at  37**  C.  an  abundant 
moist,  yellowish,  stringy  growth  is 
formed,  wiUi  production  of  gas 
bubbles.  They  are  pathogenic  in 
mice  and  in  rabbits  if  injected  into- 
theplenral  cavity. 

They  occur  in  drain  water. 

BadUns  oapsnlatiui  (Pfeiffer). 
— Rods  singly,  m  pairs,  or  in  chains 
and  in  filaments.  They  have  a  well- 
marked  capsule.      Colonies  white. 

Inoculated  in  selatine  they  grow 
in  the  track  of  the  needle,  and 
form  a  white  button  on  the  free 
surface. 

On  agar  and  on  potato  the  growth 
is  also  white  and  very  viscid,  so 
that  it  can  be  drawn  out  into  long, 
threads. 

They  produce  a  fatal  result  in- 
mice  in  two  or  three  days,  when 
inoculated  subcutaneously.  A 
minute  quantity  of  a  broth  culture 
injected  into  the  peritoneal  cavity 
of  guinea-pigs  will  prove  fatal  in 
thirty-six  hours.  The  bacilli  are 
found  in  the  blood  which  is  made 
viscid. 

They  were  isolated  from  a  guinea- 
pig  found  dead. 

Bacillus  capsnlatus  mucosas 

(Fasching). — Rods  ii  to  4  /x  in 
length,  lb  to  \  fi  in  width  :  capsn- 
lated.    Colonies  white. 

Cultures  in  gelatine  resemble 
Friedliinder  s  pneumococcus. 

They  form  gas. 

'^riiey  produce  a  fatal  result  in 
mice  in  thirty-yix  hours. 

They  were  isolated  from  nasal 
mucus  in  cases  of  iniiuenza. 

Bacillus      capsnlatus       suis 

(Smith).— Rods  from  I'i  to  18  ft 
in  length  and  8  to  !>  /x  in  width. 
There  are  three  varieties  of  this 
bacillus  having  a  clo.^e resemblance  to 
the  pneumococcus  of  Friedliinder. 

They  were  isolated  from  the  in- 
testines of  swine. 

Bacillus  carabiformis  (Kac- 
zynsky). — Rods  short  and  slender. 

Colonies  develop  characteristic 
processes. 
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Inoculated  in  the  depth  of  gela- 
tine, the  bacilli  produce  liquefaction 
and  colour  the  liquid  greenish- 
yellow. 

On  agar  they  form  a  yellowish- 
white  layer. 

They  were  isolated  from  the 
stomach  of  a  dog. 

Bacillus  camicolor  (Tils).— 
Rods  2  /i  long,  and  *5  fi  broad. 
Singly  actively  motile.  Spore- 
formation  not  observed. 

Colonies  are  in  the  form  of  cup- 
shaped  depressions. 

Inoculated  in  the  depth  of  gela- 
tine they  grow  rapidly  along  the 
whole  track  of  the  needle,  forming 
a  f  unnel-shap>ed  area  of  liquefaction 
at  the  bottom  of  which  there  is  a 
pale  pink  deposit. 

On  potato  they  form  slowly  a 
dark  flesh-coloured  growth. 

They  occur  in  water. 

Bacilliis  carotanun  (A.  Koch). 
— Rods  97  to  1*05  /a  in  length  and 
filaments. 

Colonies  white  and  circular. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  grow  slightly  in  the 
track  of  the  needle  and  abundantly 
on  the  surface. 

On  agar  they  form  a  white,  and 
on  potato  a  faintly  brown  layer. 

1  heV  occur  on  boiled  carrot  and 
beet. 

Bacillus  cavicida  (Brieger).-- 
Rods  morphologically  and  in  culti- 
vations similar  to  Bacillus  coli  com- 
munis. 

Cultures  are  said  to  be  patho- 
genic in  guinea-pigs. 

They  were  isolated  from  faeces. 

Bacillus  cavicida  Havaniensis 

(Sternberg). — Rods  2  to  5  /x  in 
length,  and  '7  fi  in  width,  singly 
and  in  pairs. 

Colonies  are  of  a  pale-straw 
colour. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  form  small  trans- 
lucent pearl-like  spherical  colonies, 
and  on  the  free  surface  the  growth 
is  limited. 

On  potato  the  growth  is  at  first 
thin  and  dirty  yellow,  and  later 
gamboge  yellow. 

Guinea-pigs  inoculated  subcuta- 


neously  die  in  ten  or  twelve 
hours. 

They  were  isolated  from  the 
intestinal  contents  in  a  fatal  case 
of  yellow  fever,  by  inoculation  of 
guinea-pigs. 

Baciuus  chromo-aromaticus.— 
Rods  which  liquefy  gelatine  and 
form  a  yellowish- white  scum  on 
the  surface. 

On  potato  the    growth  is  irides 
cent  and  brownish. 

In  broth  a  scum  forms  on  the 
surface  and  the  broth  is  coloured 
greenish-blue.  Cultures  have  an 
aromatic  odour. 

They  are  said  to  produce  pneu- 
monia and  pleurisy  in  rabbits. 

They  were  isolated  from  a  pig 
with  post-mortem  appearances  of 
swine -fever. 

BaciUus  circulans  (Jordan). — 
Rods  2  to  5  /A  in  length  and  1  /x  in 
width,  singly  and  in  short  chains. 

Colonies  are  brownish. 

Inoculated  in  the  depth  of  gela- 
tine they  liquefy  the  medium  in 
the  track  of  the  needle,  forming 
a  conical  cavity  at  its  upper  part. 

On  agar  they  form  a  translucent 
film. 

Milk  is  slowly  coagulated. 

In  broth  they  produce  turbidity 
and  a  slimy  deposit. 

They  occur  in  water. 

Bacillus  citreus  cadaveris 

(Strassmann). — Rods  -0  fx  in  length, 
'6  /i  in  width,  singly  and  in  chains. 

Colonies  pale  yellow. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  form  minute  colonies 
along  the  track  of  the  needle,  and 
at  its  upper  part  liquefy  the  gela- 
tine and  produce  a  yellow  deposit. 

They  were  found  in  the  blood 
after  death. 

Bacillus  cloacse  (Jordan).— 
Short  rods  8  to  1*9  /x  in  length, 
•7  to  1  /i  in  width,  singly  and  in 
pairs. 

Colonies  circular,  yellowish. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  occurs  in  the  track 
of  the  needle,  an  iridescent  scum 
forms  on  the  surface,  and  there  is 
an  abundant  deposit. 

On    agar   the    growth    is    milk- 
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potato   yellowish- 


I 


white,  and 

In  broth  they  produce  turbidity 
and  a  Bcum  on  the  surface.  They 
reduce  nitrates. 

They  occur  in  sewage. 

Bacillus  coli  communiB 
(EBi-hericb).— See  p.  344. 

Bacillus  coli  similis  (Stern- 
berg}.—lloda  1  to  3  n  in  length,  4  to 
'5  fi  in  width  ;  singly  and  inpairs. 

Colonies  circular  and  pale  brown 

In  the  depth  of  gelatine  they 
fomi  n  BCitnty  growth  in  the  truck 
of  tba  needle,  and  on  the  free  Bur- 
fdce  a  translacent  tilm  with  irregu- 
lar margins. 

On  potato  the  growth  is  pale 
brown  or  dirty  white. 

They  were  isolated  from  human 
liver  after  death; 

Bacillus  CDUStrictUB  (Zimmer- 
mann). — Hods  from  I'ij  to  tt'-'i  /i  in 
length,  and  "76  fi  in  width.  The 
rods  are  Kegmonled. 

Colonies  are  circular,  granular, 
and  greyish- yellow. 

Id  the  depth  of  gelatine  they 
form  a  filament  in  the  track  of  the 
needle  and  irregular  yellow  heaps 
on  the  free  surface. 

On  theaurfaceof  agar  the  growth 
consists  of  a  yellow  shining  layer, 
and  on  potato  the  Hume  colour  is 
produced. 

They  occur  in  water. 

BaciUus  coprogenes  ftBtidus 
(Scliotteliua).— Rods  aboutas  large 
as  Bacillus  subtilis,  but  shorter. 
They  are  non-motile.  Spore-for- 
mation occura  when  the  bacilli  have 
BccesB  to  the  air,  but  not  in  the 
Animal  body. 

In  the  depth  of  gelatine  a  fila- 
ment forms  composed  of  yellow- 
ish compact  colonies  ;  and  on  the 
surface  a  fine  transparent  film ; 
cuttnres  emit  a  strong  putrefiictive 

On  potato  they  form  a  light  grey, 
dry  layer. 

Subcutaneous  injection  of  small 
iloses  hud  no  effect  on  mice  and 
raiibitH.  but  very  large  quantities 
produced  a  toxic  eSect  in  rabbits. 
£wiae  ure  not  affected. 


I        They  were  found  by  SchottoHus 

in  the  intestine  in  cases  of  swine 
I  erysipelas. 

I      Bacillus    coprogenes    parms 
I    (Bienstock). —  Very  short  rods. 
I       On  the  surface  of  gelatine  they 

form  a  very  limited,  almost  in- 
I  visible,  growth  in  the  track  of  the 
I  needle. 

In  mice  they  produce  oedema  aJid 

death  in   thirty-six   hours,  and    in 

rabbits  a  local  rash   and  death    in 

eight  days. 

They  were  isolated  fioui  human 

evacuations. 
Bacilliu    crassos   aromaticns 

(TaratofE). -Rods  a;-  to  j  ^,  long. 

15  n  in  width  :  constricted  in  the 

I       Colonies  appear  iu  the  form  of 

'   cnp-slwped    depressions    and    pm- 

I  duce  a  fruit-like  odour, 

I  In  gelatine  they  grow  in  th« 
track  of  the  needle,  and  lat«r 
produce  a  funnel<shaped  area  of 
liquefaction. 

They  occur  in  well  water. 
Bacillus  crassuB  sputigenus 
(Kreibohm).-  Short  thick  rods, 
sometimes  cun'ed ;  cnpsulated. 
Colonies  greyish- white.  Cultures 
in  gelatine  resemble  those  of  Fried- 
liinder's  pneumococcus.  They  ore 
pathogenic  in  small  animals.  They 
were  isolated  from  human  aputunt. 
Bacillus  cunicnlicida,  Ho'-Ulm 

;f  HahhU  .■;..,./,;■«.»»-,  {see  p.  228). 

BacilloB  cnticularis  (Tils).— 
Rods  from  2  to  :i  ^  in  length,  3  to 
-5  fL  iti  width,  and  filaments. 

Colonies  are  yellow  and  the  gela- 

In  the  depth  of  gelatine  they 
produce  liquefaction,  and  a  skin 
forms  on  the  surface. 

On  potato  the  growth  m  slimj 
and  yellow. 

They  occur  in  water. 

Bacillus  cuticularis  albna 
(Taratoff),— Rods  3-2  ^  long,  con- 
itricted  in  the  middle.    Aclivoly 


lotile. 


opalescent     sod 


Colonies 
bluish-white. 

Inoculated  in  the  depth  of  gela- 
tine they  form  a  white  rosette- 
shaped  growth  on  the  surf: 


a    nhiniDg    white     growth 
II  long    the     needle     track 
whicli     nendB     of 
rounded  proceHsea. 

On  ugar,  glycerme  iigar 
and  blood  soruni  tbey 
produce  n  luxuriant  white 
shining  growth. 

Broth  twcomes  turbid 
with  a  whitish  depoul  »nd 
pellicle. 

On  (lotato  there  i«  n  thick 
moiHt  brown  growth. 

Tbey  are  found  in  water. 

BacUlna  craneo-foBcoB 
(Bejerinck).— Rods  "i  to  ti 
^  in  length,  and  half  their 
lungtb  in  width.     Motile. 

lu  the  depth  of  gelatine 
they  produce  colonies  In 
tlie  truck  of  the  needle, 
which  later  develop  a  block 
;iiguetit. 

la  broth  with  }  per  ceut. 
iif  [>eptone  they  produce  a 
blue  colour,  changing  ta 
l>rown   and    finally    black. 

They  were  isolated  from 
t'heese,  "iie  and  glue. 

Bacillus  craneo-phOBplLOTefl- 
Cena  ( Kati).— Rods  2(.  fi  in  length. 
I  n  in  width,  singly,  in  pairs,  and 
iilamenta,  ColoDiex  circular  and 
lirownish  or  greyjah-yellow. 

Inoculated  to  the  depth  of  gela- 
tine they  form  a  gi'ey-white  fila- 
ment in  the  track  of  the  needle  and 
liquefaction  follows  at  the  uppier 
part ;  later  a  akin  forms  on  the  aor- 
face  and  a  yellow  deposit  occurs  at 
the  bottom  of  the  liquefied  jelly 
which  huR  a  reddish- brown  tinge. 

In  broth  a  similar  skin  floats 
on  the  surface  nnd  the  broth  is 
turbid. 

On  aterilised  fish  the  growth  is 
viscid  Knd  yellow. 

Cultures  are  phosphoreHcent, 
especially  in  medin  eontaining 
enceas  of  common  salt. 

They   were    isolated    from    sea- 
water  at  Sidney,  and  are  {HMHibly 
identical  with  Racillua  pbofphi 
ccns  of  Fischer. 

BacUluB  cyant^enns  (Hueppe). 


a  length,  and  i  n  wide  (Fig. 
The  rods  after  division  may 
linked  together,  and  form 
chains.  Non- motile  rod« 
enveloped  in  a  gelatinons  capsule, 
and  involution  forms. 

Colonies  appear  after  two  days 
as  sdihII  greyish -white  points  which 
gradually  assume  a  moist  appear- 
ance. The  gelatine  beoomee  steel- 
grey,  throwing  the  white  colonies 
into  strong  relief. 

In  the  depth  of  gelatine  a  whitish 
growth  appears  in  the  track  of  the 
tieedle  near  the  upper  part,  and  on 
the  free  wirface,  producing  also  a 
dark  steel-bin o  discoloration  of 
the  jelly  which  spreads  down- 
On  agar  a  greyish  growth  ap- 
)earB,  and  the  agar  is  coloured  dark 

On  potato  a  yellowish  moist 
growth  develop*,  the  potato  around 
it  is  stained  grey-blue.  Milk  be- 
comes slightly  alkaline  and  of  a 
shite.grej  colour,  which  on  the 
addition  of  ai-ld  changes  to  an 
intense  blue.      Milk  in  which  the 
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lactic  acid  bacillus  is  growing  be- 
comes aky-blne  from  tbe  first. 

They  are  tiou-pathiwenio. 

They  are  present  iu  blue  milk. 

BacilloB  cyanogenns  (Jordan). 
—Rods  1-3  n  in  length,  -8  ^  in 
width.     Sligbtly  motile. 

Colonies  granular  and  irregular. 
They  colour  the  surrounding  gela- 
tine brown. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  produce  n  soanty 
growth  ill  the  ti'ack  of  the  needle, 
and  a.  filni  on  tlie  Hurface  with 
coloration  of  tbe  gelatine  beneath 
it. 

On  agir  they  form  a  white  layer, 
and  the  jelly  is  coloured  brown. 

On  potato  tbe  growth  is  brown. 

They  were  isolated  from  aewai;e. 

BaciUoB  cyBtiformis  (Cladoj.— 
Short  slender  rods.     Slotile. 

Colonies  circular,  yellowish,  gra- 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  scanty  growth  in  the 
track  of  the  needle,  and  a  while 
patch  on  the  free  surface. 

On  agar  the  growth  is  yellowish' 

They  were  isolated  from  urine. 

Bacillafl  delicatulns  (Jordan). 
—Rods  *i  fi  long  iind  1  fi  broad, 
often  in  paint  or  short  chains. 
Actively  motile.  Spore- formation 
not  ob^Tved. 

Colonien  at  first  whitish  with 
a,  radiating  edge.  Later  they 
liquefy  the  gelatine  d,nd  the  centres 
become  dnrk. 

Inoculated  in  the  depth  of  gela- 
tine they  rapidly  liquefy  it  and 
form  a  whitish  pellicle  and  a  brown 

On  agar  a  greyish  crinkled 
growth  appears,  which  gradually 
becomes  white  and  shining. 

On  potato  there  is  a  grey  flat 

Milk  is  coagulated  and  becomes 
strongly  iicid. 

Broth  is  made  turbid  and  a  white 
serum  and  precipitate  formed. 

They  occur  in  sewage. 

Bacillus  dentalis  viridanB 

(Miller  ).^Rods  slightly  bent,  singly 
and  in  pairi^. 


Colonies  (Uenlar,  yellowith  and 

Inoculated  in  tbe  depth  of  gels- 
tine  they  grow  in  tiie  track  of  the 
needle  and  od  the  fr«e  anrEwM,  and 
tbe  jelly  h  coloared  green. 

On  ajjar  the  growtii  is  oolonrlen 
or  slightly  grey. 

Intraperitoneal  injeotionB  in  mioe 
and  guinea-pigs  pFodaoe  a  fatal  re- 
sult. KulicutaneouinjectionicaiiM 
suppuration. 

They  were  isolated  from  caries 
of  the  teeth. 

BaciUue  deatriticiu  (Bordoni 
L'll'rtiduKti  and  Liutig).— Rods  -8& 
to  2-H  II  long,  and  '5  to  -85  fi  broad, 
singly  and  in  soogloea.  Motile. 
Spure-formntion  not  ofaMrred.  ■ 

Colonies  have  an  arborescent 
appearance. 

Inoculated  in  the  depth  of  ^la- 
tine  they  form  a  circnUr  raJBed 
growth  at  the  point  of  pnnotnre, 
and  white  colonies  along  the  needle 
track.  The  jelly  is  gradnallf 
liquefied. 

On  agar  and  blood  surnm  there 
is  ft  Kcnnty  giowUi  on  the  surface 
and  an  abundant  growth  in  the 
track  of  the  needle.  Blood  seram 
in  liquefieii  after  some  lime. 

Broth  \v  rendered  turbid :  a 
white  firm  pellicle  formi*. 

(In  potato  there  is  a  thick  moist 
white  growth,  which  later  becomes 
yellow. 

Found  in  water. 

Bacillas  derorans  (Zimmer- 
mann).— Rods  -99  y.  to  12  /.  in 
length,  -74  fi  in  width  :  singly,  in 
paira  and  in  cbainH. 

Colonies  are  circular,  granular, 
and  grey,  with  periphery  formed  of 
radiating  proceases. 

In  the  depth  of  gehitine  they 
produce  a  whitish  filament  and  an 
excavation  at  the  upper  part,  which 
may  or  may  not  contain  liquefied 
jelly. 

On  agar  a  greyish  film  ik  found. 

They  do  not  grow  on  potito. 

They  occur  in  water. 

E&CillnB  diffnstiB  (Frankiand). 
■ — Rods  1'7  It  in  length,  fi  n  in 
width  ;  singly,    in  pniis.   and    fila- 
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Coloaies  circular,  bluiah-green, 
with  a  granular  nncleuB  aod  delicBta 
irregular  periphery. 

In  the  depth  of  gelatine  there  is 
scarcely  any  growth  in  the  track  of 
the  needle,  but  a.  Bhioing  greeoish- 
yellow  film  on  the  surface,  and 
liquefaction  below  it. 

On  agar  the  growth  ie  faintly 
yellow. 

In  broth  they  produce  turbidity 
and  a  yellowish  deposit. 

On  potato  the  growth  is  jelbw- 
ish. 

They  occur  in  earth. 

Bacillus  diphtheris  (p.  332). 

BacillnB  aiphtheria  colnm- 
bamm  (p.  336). 

BacilliiBdyBodeH(Zopf).— Cocci, 
long  aud  short  rods,  and  aporea. 

They  were  observed  in  bread, 
making  it  greaay  and  unfit  for  food, 
and  generating  a  penetrating  odour 
resembling  a  mixture  of  pepper- 
mint and  turpentine.  A  gr«at  loss 
may  result  to  bakers  if  the  fungus 
is  introduced  with  the  yeast 

Bacillaa  endocarditidiH  cap^ 
anlatlU  (Weicbselbanm). — Cocci 
rrsembling  Fried  lander's  paenmo- 
eocci,  I 

Colonies  faintly  yellow,  with 
dentated  contours. 

In  the  depth  of  gelatine  the 
growth  produces  a  filament  in  the 
track  of  the  needle,  and  a  patch  like 
Et«arin  on  the  free  surface.  - , 

Large  doses  injected  subcutaoe-   i 
ously,  or  into  the  peritoneal  cavity 
prove  fatal  to  rabbits. 

They  were  iculated  from  infarcts 
in  a  fatal  case  of  endocarditis. 

Bacillus  endocarditidiB  griaeni. 
— Rods  motile. 

Colonies  granular  and  brown  or 
yellowish-brown. 

In  the  depth  of  gelatine  there  is  | 
a  filamentous  growth  in  the  track  ! 
of  the  needle,  and  a  circular  whit-  I 
ish  patch  on  the  surface.  On  agar  | 
and  potato  the  growth  is  greyish-  ; 
brown. 

Cultures  cause  a  fatal  result  in 
mice  and  guinea-pigs. 

They  were  isolated  from  a  case  of 
endocardilis. 
Bacillus  enteritidiB  (p.  372). 


Bacilltis  epidermidis  (Bordoni 
Uffroduizi).— Rods  28  to  3  /*  in 
length,  and  '3fi  in  breadth.  Spore- 
fonnation  occurs  at  25"  C. 

They  grow  very  sparingly  on 
gektine. 

On  agar  there  is  a  surface  growth. 

On  potato  at  lb'  to  20°  C.  the 
growth  appears  first  in  the  form 
of  drops,  which  gradually  extend 
and  coalesce  and  form  a  thin  layer 


over  the  surface.  On  blood  seruni 
they  form  a  thin  film. 

Inoculation  in  mbbitx  and  guinea- 
pigs  and  OD  the  human  skin  pro- 
duced no  result. 

They  wei'e  isolated  from  flakes 
of  cuticle  from  between  the  toes. 

Bacillus  ervsipelatis  saiB  (p. 
3i>6). 

Bacillns  erythroBpoTUB 
(Eidam).  -~  Slender      rods      and 
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filamente.      Motile.      S|iore-fornia-   I        On  potato  tbe  growth  is  brovn. 
tioit  present,  |       They  occur  in  water. 


Colonies  cdrcukr,  witb  brown  nn-    |       Bacillus  flgnrims  (Crookshank)> 

cleQB  andjellowiab-green  periphery.      — Rods,  with  roiiudeil  ends,  Tnrying 

In   the   depth   of   gekline   they    I   in  length.   Spore-forniation  preoent. 


>'lli.   2"3.  — P: 


grow  in   the   track   of   the  needle  I        In   pklc-cultivations  they  cnuse 

and  on  the  free  surface,  colonring  a  doudy   growth,   spreading   from 

the  jelly  green  by  tmnimitted  light.  various    points;    if    a    cover-glass 

yellow  by  reflected  light.  |  impression  is  made,  this  is  found 
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to  consist  of  the  regnlarly-arranged 
parallel  rods.  The  chains  of  rods 
become  twisted  at  intervals  into 
curious  convolutions,  from  which 
offshoots  are  continued  in  various 
directions.  These  long  shoots  or 
processes  are  again  twisted  at 
intervals  into  var^'ing  shapes  and 
patterns  (Figs.  202,  203).  Culti- 
vated in  nutrient  gelatine,  the  bacilli 
form  on  the  surface  visible  windings,- 
from  which  fine  filaments  grow 
down  into  the  gelatine.  They 
spread  out  also  in  almost  parallel 
lines  transversely  from  the  needle 
track.   The  gelatine  is  not  liquefied. 

On  an  obUque  surface  of  nutrient 
agar-agar  the  filaments  spread  down- 
wards into  the  substance  of  the 
jelly,  and  outwards  from  the  cen- 
tral streak  on  the  surface,  forming 
a  feather-like  cultivation  (Fig.  201). 

They  were  obtained  from  the 
air,  and  later  were  identified  by 
the  author  with  Bacterium  Zopfii. 

Bacillus  figurans  (Yaughan).— 

Rods  and  threads. 

Colonies  composed  of  curved  and 

terlacing  lines. 

In  gelatine  they  grow  in  the  track 
of  the  needle,  and  very  slowly 
liquefy  it. 

On  agar  they  form  a  thin  white 
layer. 

They  were  found  in  water. 

Bacillus  filiformis  (Tils).— Rods 
4  /A  in  length  and  1  fi  in  width, 
singly  and  in  chains.  Spore-forma- 
tion present. 

Colonies  are  granular,  with  yel- 
lowish nucleus. 

Inoculated  in  the  depth  of  gela- 
tine there  is  no  growth  in  the 
track  of  the  needle,  but  a  whitish 
growth  on  the  surface,  liquefying 
the  jelly  slowly. 

In  broth  they  form  a  skin  on 
the  surface. 

On  agar  the  growth  is  white. 

On  potato  the  growth  is  dry  and 
after  a  time  brownish.  They 
coagulate  milk. 

They  occur  in  water. 

Bacillus  filiformis  BLavanieusis 
(Sternberg). — Long  slender  rods, 
3  ^  in  diam.,  and  filaments. 

Colonies  circular,  irregular  ;  deep 


colonies  are  brownish  ;  superficial 
colonies  thin  and  translucent. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  scanty  in  the 
track  of  the  needle. 

In  the  depth  of  agar  an  opaque 
branching  growth  occurs  in  the 
track  of  the  needle,  and  a  scanty 
milk-white  growth  on  the  surface. 

In  broth  they  cause  opalescence. 

They  were  isolated  from  the 
liver  in  fatal  cases  of  yellow  fever. 

BaciUus   flavescens    (Pohl).— 

Rods  21  to  2-2  n  in  length,  8  /x 
in  width.     Slightly  motile. 

Colonies  yellow  and  granular. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  produce  a  filament 
in  the  track  of  the  needle,  and  a 
growth  spreads  over  the  free  sur- 
face. 

On  the  surface  of  agar  the  growth 
is  composed  of  isolated  yellow 
colonies. 

On  potato  they  grow  rapidly, 
forming  a  shiny  yellow  layer. 

They  occur  in  marsh  water. 

Bacillus  flavocoriaceus  (Ada- 

metz). — Minute  rods  occurring  in 
zoogloea. 

Colonies  circular,  sulphur-yellow. 
Under  a  low  power  they  show  a 
brownish-yellow  nucleus  and  yellow 
periphery. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  granular  in  the 
track  of  the  needle  and  on  the  free 
surface. 

They  occur  in  water. 

Bacillus    fluorescens    aureus 

(Zimmermann). — Short  rods,  1*9  fi 
in  length,  74  fi  in  width. 

Singly,  in  pairs  and  in  masses. 
Motile ;  fiageliated. 

Coloniescircular,  granular,  yellow. 

Inoculated  in  the  depth  of  gela- 
tine they  form  a  filament  in  the 
track  of  the  needle  and  a  yellow 
patch  on  the  surface. 

On  agar  the  growth  is  golden- 
yellow,  and  the  same  on  potato. 

They  occur  in  water. 

Bacillus     fluorescens     lique- 

faciens  (Flugge).— Short  rods  with 
rounded  ends. 

Colonies  on  plates  develop  an 
iridescence  around  them. 
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In  the  depth  of  gelatine  a  white 
filament  fonns  in  tiie  track  of  the 
needle,  with  lique&ction  in  the 
upper  part,  and  an  irideeoent  sheen 
is  prodnced  in  the  jelly. 

On  potato  they  develop  a  brown- 
ish layer. 

They  occur  in  water  and  in 
putrid  infusions. 

Bwdlliis  fluorescens  lique- 
fadens  minutisBimiis  (Unna  and 
Tommasoli). — Bods  1'5  to  2  /a  in 
length,  *3  §»,  in  width. 

Colonies  circular,  with  brownish 
nucleus  and  yellowish  marginal 
xone. 

In  the  depth  of  gelatine  lique- 
faction forms  in  the  track  of  the 
needle.  The  liquid  is  turbid  and 
yellowish,  and  a  white  sediment 
forms  at  the  bottom  and  a  fluores- 
cent scum  on  the  surface. 
.  On  agar  and  potato  the  growth  is 
brownish. 

They  were  isolated  from  eczema- 
tons  skin. 

Badllns    flnorescenB    longiu 

{Zimmermann). — Rods  varyinff  in 
lenffth,  some  curved,  1*45  to  1*65  ft 
in  Mugthf  "83  fi  in  width,  and  wavy 
filaments  14  fi  in  length.    Motile. 

Colonies  circular,  well-defined, 
yellowish,  with  broad  twisted 
markings. 

On  the  Kurface  of  gelatine  they 
produce  a  layer  with  a  bluish-green 
fluorescent  colour. 

On  a$;ar  a  thin  film  forms,  and 
the  jelly  is  coloured  greenish- 
yellow. 

On  potato  the  growth  is  slimy 
and  yellowish. 

They  occur  in  water. 

Bacillas    fluorescens    nivalis 

■(Schmolck). — Rods  and  chains. 
Motile. 

Colonies  circular,  surrounded  by 
liquid  fluorescent  jelly. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  litjuefaction  in 
the  track  of  the  needle,  and  the 
jelly  is  coloured  green. 

On  agar  the  growth  is  white  and 
the  jelly  green. 

On  potato  the  growth  is  brownish. 

They  are  probably  identical  with 
Paoillus  fluorescens  li(|uefacicns. 


They  were  isolated  from  snow. 

Badllns  flnorescenB  non-liana- 

fiudene  (Eisenberg).— Short  deli- 
cate rods.  Non-motUe. 

Colonies  have  the  appearaoioe 
of  fern-leaves,  and  are  opales- 
cent. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  very  slight  in 
the  track  of  the  needle,  and  on  the 
surface  filmy  and  fluorescent 

On  agar  they  form  a  greenish 
layer. 

They  produce  a  brownish  layer 
on  potato,  and  bluish-grey  dis- 
coloration. 

They  occur  in  water. 

Bacillns  flnoresoena  pntidns 
(FlUgge). — Short  rods  with  rounded 
ends.  Motile ;  spore-formation  not 
known. 

They  form  small  dark  colonies 
with  a  greenish  sheen,  which  have 
a  penetrating  odour. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  a  pale-grey 
growth,  and  after  three  da^  colour 
the  medium  with  a  greenish  tinge 
spreading  down  from  above. 

On  potato  they  rapidly  develop 
a  brownish  layer. 

They  occur  on  decomposing  sub- 
stances, producing  a  greenish 
colonition. 

According  to  Lehmann  and  Neu- 
mann the  Bacillus  fluorescens  albus 
and  Bacillus  fluorescens  longus  of 
Zimmermann  and  Bacillus  fluores- 
cens non-li(iuefaciens  are  merely 
varieties  of  Bacillus  fluorescens 
putidus  :  and  further,  cultures  of 
this  bacillus  on  agar  and  on  potato 
and  in  milk  and  in  broth  cannot 
be  distinguished  from  those  of 
Bacillus  fluorescens  licjuefaciens. 

Bacillus     fluorescens     tenuis 

(Zimmermann). — Rods  1  to  IX[)  ^ 
in  length.  -8  /x  in  width.  Singly, 
in  masses,  and  filaments.     ^lotile. 

Colonies  irregular. 

Inoculated  in  the  depth  of  gela- 
tine a  delicate  filament  forms  in 
the  track  of  the  needle,  and  on 
the  surface  a  greyish- white  growth 
spreads  and  colours  the  gelatine 
yellow. 

On  agar  the  growth   is   shining 
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and  greeDish,  and  on  potato  yellow- 
ish. 

They  occur  in  water. 

Bacillns  foetiduB  {Backrium 
fatiduin,  Thin). — Cocci,  short  rods, 
long  rods,  and  leptothrix.  The 
cocci,  1*25  to  1*4  /x  in  diam.,  occur 
singly  or  in  pairs.  Spore-formation 
present  in  the  rods. 

They  were  isolated  from  the 
exudation  in  a  case  of  profuse 
sweating  of  the  feet,  and  the  odour 
was  noticeable  in  the  cultivation 
(vide  Bacillus  saprogenett). 

Bacillus  foetidus  ozB&nm  (Ha- 

jek). — Short  rods,  singly,  in  pairs, 
and  in  short  chains.    Motile. 

Colonies  irregular  and  liquefying. 

In  the  depth  of  gelatine  lique- 
faction occurs  along  the  track  of 
the  needle. 

On  agar  the  growth  is  moist  and 
shiny,  and  on  potato  yellowish- 
brown. 

Cultures  emit  a  disagreeable 
odour. 

They  produce  a  fatal  result  in 
mice  and  local  inflanmiation  in 
rabbits. 

They  were  isolated  from  cases 
of  ozsena. 

Bacillus  folvus  (Zimmermann). 
— Rods  88  to  1*3  ft  in  length, 
'77  fA  in  width.  Singly,  in  pairs 
and  in  chains. 

Colonies  vary  in  form  ;  granular, 
yellowish-grey. 

In  the  depth  of  gelatine  there  is 
a  scanty  faintly  yellow  growth  in 
the  track  of  the  needle,  and  a 
hemispherical  yellow  mass  on  the 
free  surface. 

On  agar  and  potato  the  growth 
is  yellow  and  shining. 

They  occur  in  water. 

Bacillus  fuscus  (Zimmermann). 
— Rods  "63  fi  in  width,  varying  in 
length  ;  sometimes  bent  and  irregu- 
lar in  form. 

Colonies  irregular,  granular,  and 
greyish-yellow. 

In  the  depth  of  gelatine  a 
hemispherical  mass  appears  on  the 
free  surface,  which  later  spreads 
and  forms  a  yeUow  wrinkled  layer. 

On  agar  and  potato  the  layer  is 
similarly  coloured. 


f 


They  occur  in  water. 

Bacillus      fuscus      limbatus 

(Scheibenzuber). — Rods  and  fila- 
ments. 

Colonies  with  brown  nucleus  and 
light  periphery. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  in  the  track  of  the 
needle  is  branching  and  the  jelly 
coloured  brown. 

On  agar  and  potato  the  growth 
IS  dark  brown. 

They  occur  in  rotten  eggs. 

Bacillus  gallinarum  {Bacillus 

ofFoiol  Enteritis)  (see  p.  230). 

Bacillus  gasoformans  (Eisen- 
berg). — Rods. 

The  colonies  are  granular,  and 
liquefy  the  gelatine. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  rapidly  produce 
liquefaction  in  the  track  of  the 
needle,  and  formation  of  gas 
bubbles. 

Thejr  occur  in  water. 

Bacillus    gingiysB    pyogenes: 

vide  Bacterium  gingivce  pf/ogoie^. 

Bacillus  glaucus  (Maschek).— 
Rods. 

The  colonies  are  well-defined, 
greyish  in  colour,  and  after  a  time 
liquefy  the  gelatine. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  rapid 
growth  in  the  track  of  the  needle 
and  on  the  surface,  followed  by 
liquefaction  and  a  sediment  at  the 
bottem  of  the  liquid. 

On  potato  and  agar  they  form  a 
greyish  layer. 

They  occur  in  water. 

Bacillus  gliscrogenus  (Malerba). 
— Rods  '67  to  1*14  /A  in  length,  -41  /a 
in  width. 

Colonies  spherical,  granular. 

The  bacilli  inocuhtted  in  the 
depth  of  gelatine  give  rise  to  a 
growth  in  the  track  of  the  needle 
composed  of  closely  packed  disc- 
shaped colonies. 

On  agar  they  produce  an  opales- 
cent film. 

On  potato  they  form  a  viscid 
yellowish  growth. 

They  were  isolated  from  viscid 
urine. 

Bacillus      gracilis      (Zimmer- 
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mann). — Rods  aometimes  curved, 
2-4  to  3'6fA  in  length,  '77  ^  in  width, 
and  filaments. 

The  colonies  are  greyish  or 
yellowish-grey,  with  concentric 
markings. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  isolated 
colonies  in  the  track  of  the  needle, 
and  a  translucent  film  on  the  free 
surface  ;  followed  after  some  time 
by  slight  liquefaction. 

On  agar  they  produce  a  bluish- 
white  layer. 

There  is  scarcely  any  growth  on 
potato. 

They  occur  in  water. 

Bacilliu  gracilis  anaerobies- 

cens  (Vaughan). — Rods. 

The  colonies  are  brownish. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  copious 
growth  in  the  track  of  the  needle, 
and  gas  bubbles,  and  a  film  on  the 
surfiice. 

On  agar  they  produce  a  thin 
layer,  and  on  potato  a  yellowish- 
white  mass. 

They  occur  in  water. 

BadUns  granolosTis  (Russell). 
— Rods  singly,  in  pairs  and  in 
masses,  and  long  filaments.  Spore- 
formation  present. 

The  colonies  have  concentric 
linear  markings. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  cause  slow  lique- 
faction spreading  downwards  in 
the  track  of  the  needle. 

On  the  surface  of  agar  they  form 
more  or  less  inolatcd  whitish  or 
yellowish  colonies. 

In  broth  they  produce  turbidity, 
and  on  potato  a  thick  shining  layer, 
which  is  at  first  white  and  later 
brownish. 

They  were  isolated  from  deep-sea 
dredginffs. 

Bacillus  graveolens  (Bordoni- 

Uffreduzzi). — Very  short  rods,  8  /x 
in  length. 

The  colonies  are  greyish-white, 
and  li(]uefy  the  gelatine. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  rapid 
liquefaction  in  the  track  of  the 
needle.     They  colour  the  gelatine 


greenish-yellow,  and  produce  a  foul 
odour. 

On  potato  the  culture  is  brown- 
ish. 

They  were  isolated  from  skin 
from  between  the  toes. 

Bacillus  guttatns  (Zimmer- 
mann). — Rods  1  to  1*13  /n  in  length  ; 
*93  in  width  ;  singly,  in  pairs,  and 
in  chains. 

Colonies  bluish-grey ;  granular. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  develop  colonies 
in  the  track  of  the  needle,  and  a 
greyish  opalescent  film  on  the 
surface. 

On  agar  the  growth  is  greyish- 
white.  On  potato  it  is  yellowish 
and  slimy. 

They  occur  in  water. 

Bacillus  halophilos  (Russell). — 
Rods  1  '5  to  3*5  fi  in  length,  '7  fi  in 
width  ;  singly  and  in  pairs  ;  and 
toruloid  involution  forms.    Motile. 

The  colonies  liquefy  gelatine  and 
become  frothy  from  abundant  for- 
mation of  gas. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  grow  in  the  track 
of  the  needle,  and  excavate  the 
jeUy  at  the  upper  part. 

They  were  isolated  from  deep- 
sea  dredgings. 

Bacillus  Hausenii  (Rasmussen). 

—Rods  2-8  to  6  ft  long,  G  to  -8  fi 
wide. 

Cultivated  on  sterilised  potato, 
they  form  in  four  days  a  chrome- 
yellow  layer  with  an  agreeable 
fruit-like  smell.  Two  or  three  days 
later  the  growth  dries,  and  changes 
to  an  orange-yellow  colour  ;  later 
it  becomes  yellowish  or  brown,  and 
at  the  same  time  spores  are  formed 
1-7  ft  long,  11  ft  wide.  The  colour- 
ing matter  is  insoluble  in  most 
reagents. 

The  bacilli  occur  as  a  yellow  or 
whitish  skin  on  nourishing  solu- 
tions, malt  infusion,  broth,  and 
wine,  which  have  been  kept  at 
ar  to  33'  C. 

Bacillus    Havaniensis    lique- 

faciens. — Rods    H  ft  in  width,   12 
to   5  ft   in  length,   singly,   and  in 
pairs  ;  and  filamentn.     Motile. 
The  colonies  are  milky,  irregular 
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in  oatline,  and  liquefy  the  gela- 
tine. 

The  bacilli  inocalated  in  the 
depth  of  gelatine  cause  liquefaction 
in  the  track  of  the  needle. 

On  agar  they  form  a  pale-brown 
layer. 

They  do  not  grow  on  potato. 

They  were  isolated  from  the  skin. 

Bacillus  helvoluB  (Zimmer- 
mann). — Bods  1*5  to  4*5  fi  in  length, 
-5  fi  in  width  ;  in  pairs,  and  in 
chains. 

Colonies  are  pale  yellow. 

The  bacilli  form  a  yellow  growth 
on  the  surface  of  gelatine,  and  pro- 
duce slow  liquefaction. 

On  agar  the  growth  is  yellow. 

They  occur  in  water. 

BacilltLs    heminecrobiopliilTis 

(Arloing). — Rods  highly  polymor- 
phic, and  filaments  1  to  20  /i  in 
length.     Slightly  motile. 

On  the  surface  of  obliquely 
solidified  gelatine  they  form  a 
yellowish  layer. 

On  potato  the  growth  is  yellowish- 
white. 

They  produce  oedema  when  sub- 
cutaneously  inoculated  in  the 
vicinity  of  wounds. 

They  were  isolated  from  a  caseous 
lymphatic  gland  in  a  guinea-pig. 

Bacillns    hepattcns  fortnitos 

(Sternberg).  —  Kods  resembling 
Bacillus  coli  communis. 

The  colonies,  marked  with  radia- 
ting strisB,  are  dark  brown  in  colour. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  very 
slight  growth  at  the  upper  part  of 
the  track  of  the  needle,  and  a  hemi- 
spherical mass  on  the  free  surface. 

On  potato  they  form  a  creamy 
white  growth. 

They  were  isolated  from  the 
liver  in  a  fatal  case  of  yellow 
fever. 

Badllus  Hessii  (Guillebeau).— 
Bods  3  to  5  fi  in  length,  1*2  fi  in 
width,  cocci-forms  and  filaments. 

The  colonies  are  filamentous, 
and  liquefy  gelatine. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  lique- 
faction, and  the  liquid  jelly  is  made 
extremely  viscous. 


On  potato  the  growth  is  brownish. 

They  coagulate  milk. 

They  were  isolated  from  milk. 

BaciUns    hyacinthi    septiciis 

(Heinz). — Bods  4  to  6  fi  in  length, 
1  fi  in  width. 

The  colonies  are  transparent  and 
bluish-white. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  fila- 
ment in  the  track  of  the  needle 
and  a  layer  on  the  surface. 

On  potato  they  produce  a  slimy, 
dirty-yellow  layer. 

They  were  isolated  from  diseased 
hyacinths. 

Bacillns  hyalinus  (Jordan).— 
Bods  3'6  to  4  fi  in  length,  1*5  fi  in 
width,  and  chains. 

The  colonies  are  surrounded  by 
radiating  filaments. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  liquefac- 
tion in  the  track  of  the  needle,  a 
scum  on  the  surface  and  a  deposit 
at  the  bottom. 

On  agar  they  produce  a  dry,  grey 
growth. 

On  potato  the  growth  is  greyish- 
white  and  tuberculated. 

They  coagulate  milk. 

In  broth  they  produce  turbidity 
and  a  pellicle  on  the  surface ;  and 
they  are  powerful  nitrifying 
agents. 

They  occur  in  water. 

Bacillns   hvdropMlTis   fascus 

(Sanarelli). — Bods  I  to  3  fi  in 
length,  and  filaments  15  to  20  /i  in 
length. 

They  rapidly  produce  a  funnel- 
shaped  area  of  liquefaction  when 
grown  in  gelatine,  followed  by 
complete  liquefaction  and  the 
formation  of  a  white  flocculent 
deposit. 

Inoculated  in  glycerine  agar  they 
grow  rapidly  and  produce  gas 
bubbles.  On  potato  they  produce 
a  straw-coloured  layer  which  be- 
comes distinctly  yellow  and  later 
brown. 

They  are  pathogenic  in  cold- 
blooded animaJs  and  in  small  warm- 
blooded animals.  Guinea-pigs  suc- 
cumb in  twelve  hours ;  the  spleen 
is  enlarged  and  the  bacilli  are  found 
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in  great  numbere  in  the  blood  and  I 
int«riml  organs. 

They  were  isolated  from  the 
lymph  of  diwasad  frogs. 

Bacillns  iuithuma  {ISnrtrrium 
Hmthiiium  Zopf,  Hiiciltm  ewhm'ix). 
— Slender  rods,  about  four  times 
their  width  in  length,  with  rounded 
ends.  They  uUo  form  thread*,  nnd 
are  nctively  motile.  Spore-forma- 
tion present  in  the  rodv. 

The  colonies  occur  qb  circuni- 
scrilied  liquefied  areas,  in  the  centre 
of  which  is  a  collection  of  the 
coloured  growth. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  funnel- 
shaped  liquefactioti,  and  a.  granular- 
looking  violet  msHs  snbtiideii  to  the 
bottoni. 

On  agnr-agar  and  potato  a 
beautiful  violet  growth  rapidly 
develops.  The  colpuriug  matter  ia 
soluble  in  alcohol. 

They  were  observed  im  pieces  of 
pigs'  bladder  floating  on  the  surface 
of  water  rich  in  bacteria.  They 
occurred  only  on  the  surface  of  the 
bladder  exposed  to  the  air.  and  never 
on  the  part  under  water.  Tbey  occa- 
sion ally  oct;ur  in  common  tap  water. 

BaClllaB      impleZDB      (Zimmer- 
mann).     Rodi<     2'5    n    in    length, 
1'15    n    in    width.     Son  -  motile.  | 
Spore- format  ion  present. 

Colonies white,graDular,develop'  [ 
ing  in  three  dayn  into  masscH  of  ' 
interlacing  white  filaments. 

Inoculated  in  the  depth  of  gela-  i 
tine,  a  growth  develops  iu  the  truck  | 
of  the  needle  and  fine  filaments 
peuetrate  the  gelatine.  The  jelly  is 
liiioefied,  and  a  pellicle  forma  on 
the  surface,  and  there  is  a  flocculeut 
deposit. 

On  agar  the  growtb  ia  white,  and 
on  potato  yellowish -white. 

They  occur  in  water. 

Bacillus  in  acne  contaeiosa  in 
horUB  (Dieckerhoff  and  (Jrawiti). 
— Short  rods  '2  fi  in  diam. 

Inoculated  in  the  depth  of 
nutrient  gelatine  they  form  a  scanty 
growtb  in  the  track  of  the  needle 
and  a  white  patch  on  the  free  sur- 
face. They  thrive  best  on  blood 
serum  and  on  agar. 


The  bacilli  inoculated  on  the 
surface  of  the  skin  of  horses,  calres 
and  other  animals  are  said  to  pro- 
duce acne  pustules.  Inoculated 
Huliciitnneoualy  in  guinea-piga  they 
produce  a  fatal  reaali  in  twenty- 
four  hours. 

They  were  iBoIated  from  pun 
in  cases  of  acnE'-ont'nji'itn  iu  horses. 

Bacillus  in  cancer  (Konbasoff). 
— RodH  ;  spore- formation  present. 

Inoculated  in  the  depth  of  gela- 
tine an  irregular  filament  develops 
in  the  track  of  the  needle  and  a 
transparent  growth  with  central 
depression  on  the  surface. 

They  are  said  to  be  pathogenic 
in  small  animals,  and  to  produce 
nodules  and  ulcers  of  the  mucous 
membrane  of  the  stomach. 

They  were  isolated  from  a  case 
of  cancer  of  the  stomach. 

BacillnB  in  cholera  in  ducks 
(Cornil  and  Toupet),  p.  2HU. 

Bacillus  in  choleraic  diarrhcsa 
(Bovet).— Rods  -2  to  4  ^  in  length. 
1  to  I'ij  /I  in  width,  singly  and  in 
pairs,  and  filaments. 

In  the  depth  of  gelatine  a  filament 
forms  in  the  track  of  the  needle  and 
a  greyish  transparent  layer  on  the 

On  agar  a  grojiah  film  ia  formed. 

On  potato  the  growth  isyellowiah 
and  abundant. 

Intra-peritoneal  injections  ia 
guinea-pigs  cause    peritonitis    and 

They  were  isolated  from  a  case 
of  choleraic  diarrhcea. 
Bacillns  in  diphtheritic  disease 

of      calves       {Banlli'K       I'ilulortim 

LiilHer).— Rodii  about  five  or  six 
times  as  long  as  wide,  mostly  united 
ill  lon^  threads. 

A  piece  of  membrane  from  adiph- 
theritic  disease  in  a  calf,  placed  on 
blood  serum  developed  a  white  layer 
composed  of  the  bacteria.  Suooes- 
sive  generations  were  not  obtainable. 

Mice  inoculated  directly  from  the 
calf  died  of  a  characteristic  iUhms, 
and  the  same  long  bacteria  were 
again  found  in  the  inoculated 
animals  ox-companying  widespread 
infiltration,  starting  from  the  pcnnt 
of    iuocutation.      InoculatioD    of 
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guinea-pigs  and  rabbits  gave  doubt- 
ful results.  They  were  found  in 
the  deeper  stratum  of  pseudo- 
diphtheritic  patches  in  calves. 

Bacillus  in  disease  of  bees  (p. 

471). 

Bacillus  in  erythema  nodosum 

(Demme). — Rods  2*2  to  2*5  /x  in 
length,  5  to  '7  ft  in  width.  They 
can  be  cultivated  at  STC. 

Colonies  on  agar  are  white  with 
radiating  lines. 

The  bacilli  inoculated  in  the  depth 
of  agar  grow  in  the  track  of  the 
needle,  and  produce  peculiar  off- 
shoots in  the  surrounding  jelly. 

They  are  said  to  produce  an 
eruption  resembling  erythema 
nodosum  when  inoculated  subcu- 
taneously  in  guinea-pigs. 

They  were  obtained  from  the 
eruj)tion  and  the  blood  in  qises  of 
erythema  nodosum. 

Bacillus    in    fowl    enteritis 

(Klein),  p.  230. 

Bacillus  in  eangrene  (Trlcomi). 

— Rods  3  ft  in  length,  1  fi  in  width, 
singly  and  in  pairs. 

Colonies  circular,  granular,  dirty- 
yellow. 

In  the  depth  of  gelatine  they 
produce  a  filament  composed  of 
closely  aggregated  colonies,  and  at 
the  upper  part  conical  liquefaction 
of  the  jelly,  beneath  a  cup- shaped 
excavation. 

On  agar  and  potato  the  growth 
is  white. 

In  jectedsubcutaneously  in  rabbits 
and  guinea-pigs  they  produce  gan- 
grene and  death  in  a  few  days. 

They  were  isolated  from  a  case 
of  senile  gangrene. 

Bacillus    in    erouse    disease 

(Klein),  p.  230. 

BaciUus  in  hog  cholera   (p. 

351). 

Bacillus  in  infantile  diarrhcea 

(Booker).  —  Rods  morphologically 
identical  with  Bacillus  coli  com- 
munis. There  are  seven  varieties 
of  this  bacillus.  They  were  iso- 
lated from  cases  of  infantile  diar- 
rhoea. 

Bacillus  in  infantile  diarrhcea 

(Lesage). — Rods  2'4  /i  in  length, 
'75  ft  in  width,  and  filaments. 


Colonies  irregular  ia  contour, 
colouring  the  gelatine  green. 

On  the  surface  of  agar  they  form 
a  greenish  growth,  and  the  gelatine 
is  coloured  green. 

Injected  intravenously  in  a  rabbit 
they  produced  diarrhoea. 

They  are  said  to  be  identical  with 
Bacillus  fluorescens  liquefaciens 

Bacillus  in  intestinal  diph- 
theria in  rabbits  (Ribbert).— 
Rods  3  to  4  ft  in  length,  1  to  1  4  ft 
in  width ;  singly,  in  pairs,  and  in 
filaments. 

Colonies  greyish  ;  granular. 

They  produce  in  gelatine  a  deli- 
cate growth  in  the  track  of  the 
needle.    They  are  pathogenic. 

They  were  isolated  from  the 
intestine  of  rabbits  suffering  from 
a  diphtheritic  inflammation  of  the 
mucous  membrane. ' 

Bacillus  in  iequirity  infusion 

(see  BaciUus  of  Sn (tier). 

Bacillus  in  measles  (p.  283). 

Bacillus  in  noma  (Schimmel- 
busch). — Rods  singly,  in  pairs,  and 
filaments. 

Colonies  circular,  greyish- white, 
granular,  with  irregular  margins. 

In  the  depth   of  gelatine   they 
produce  agranular  filament  anda 
patch  on  the  surface. 

On  agar  and  potato  the  growth 
is  greyish-white. 

They  are  pyogenic  in  rabbits. 

They  were  inoculated  from  a 
case  of  noma. 

Bacillus  in  ophthalmia  (p.  1 90). 

Bacillus  in  potato  rot.— Rods 

2'5  to  4  ft  in  length,  '7  to  8  ^  in 
width  ;  singly,  in  chains,  and  in  fila- 
ments.   Spore-formation  present. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  funnel- 
shaped  area  of  liquefaction. 

On  agar  the  growth  is  composed 
of  greyish-white  slimy  colonies. 

They  were  isolated  from  diseased 
potatoes. 

Bacillus  in  purpura  hssmor- 
rhagica  (Tizzom  and  Giovannini). 
— Rods  '75  to  1*3  ft  in  length,  -2  to 
*4  ft  in  width,  singly,  in  pairs,  and 
in  masses. 

Colonies  have  a  greyish-yellow 
nucleus  and  a  marginal  zone  of  fine 
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filaments  both  in  gelatine  and  agar. 
Caltures  prodace  a  disagreeable 
odour. 

Subcutaneons  injections  in  guinea- 
pigs  and  rabbits  produce  local  oedema 
and  death,  with  hsamorrhages  in  the 
internal  organs. 

The  J  were  isolated  from  the  blood 
in  fatal  cases  of  purpura  in  children. 

BadllnB  in  putrid  bronchitiB 
(Lumnitser). — Bods  1*5  to  2  /i  in 
length,  slightly  curved.  They  can 
be  cultivated  at  37**  0.  The  colonies 
on  agar  are  greyish- white. 

The  bacilli  moculated  on  blood 
semm  produce  colonies  which  co- 
alesce and  form  a  greyish-white 
film.  Cultures  have  a  disagreeable 
odour. 

Injected  into  the  lungs  of  rabbits 
thev  produce  purulent  inflammation . 

They  were  isolated  from  the 
sputum  in  cases  of  putrid  bronchitis. 

BaciUnB in  "red-cod"  (Dantec;i. 

— ^Rods  similar  to  Bacillus  tetani, 
with  terminal  spore-formation. 

Colonies  are  circular  ;  reddish. 

On  the  surface  of  obliquely 
solidified  gelatine  they  form  a  red 
growth  in  the  track  of  the  needle 
slowlv  followed  by  liquefaction. 

Cultivated  on  dried  cod  they 
•produce  a  red  colour. 

Thejr  were  isolated  from  red-cod. 

Bacilliu  in  rhinoscleroma  (p. 
411). 

BJusillns  in  saliva  (Fiocca).— 
Very  short  rods  -2  to  33  ^  in  width. 

Colonies  circular,  granular,  and 
yellowish. 

On  the  Hurface  of  obliquely 
solidified  gelatine  they  form  a 
growth  composed  of  transparent 
droplets. 

On  potato  they  form  a  transparent 
filih. 

In  broth  flocculi  appear. 

They  are  pathogenic  in  rabbits 
and  other  small  animals,  and  they 
are  probably  a  variety  of  the  bacillus 
of  haemorrhagic  septica3mia. 

They  were  isolated  from  .saliva  of 
cats  and  dogs. 

Bacillus  in  whooping  cougli 

(Afanassiew).— RodH  (i  to  2*2  /x  in 
length,  siogly,  in  [mirs,  and  short 
chains. 


Colonies  granular,  brownish. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  scanty  growth  in  the 
track  of  the  needle  and  a  greyish 
growth  on  the  free  surface. 

On  agar  the  growth  is  grejrish. 

On  potato  the  growth  is  shining 
and  yellowish  or  brownish. 

They  ar^  said  to  produce  symp- 
toms in  rabbits  and  dogs  compar- 
able to  those  of  whooping  cough. 

They  were  isolated  from  the 
throat  in  cases  of  whooping  cough. 

Bacillus  incanns  (Pohl).— Bods 

1*2  ^  in  length,  '8  /x  in  width. 

They  prepuce  rapid  liquefaction 
in  the  track  of  the  needle  when 
inoculated  in  the  depth  of  gelatine. 

On  agar  a  thick  white  growth 
develops. 

On  potato  a  whitish  growth 
spreads  over  the  surface. 

They  were  isolated  from  the 
water  of  marshes. 

Bacillns  indicns  (Koch).— Very 
short  rods  with  rounded  ends. 


# 


/ 


Fig.  204.— BAciixrs  Indicuh  Coloniks 

IN  NUTKIKNT   A«;AK,     X    GO. 

The  colonies  have  a  scarlet  tint. 
They  are  round,  ovoid,  or  spindle 
shaped,  and  have  granular  margins. 

In  the  track  of  the  needle  beneath 
the  surface  no  pigment  is  formed. 

Cultivated  in  nutrient  gelatine 
they  liquefy  it  and  colour  it  crimson, 
and  the  growth  of  a  darker  crimson 
hue  subsides  to  the  bottom  of  the 
tube. 

On  the  surface  of  nutrient  agar- 
agar  the  appearances  are  very 
characteristic.  In  a  pure  cultiva- 
tion a  brilliant  vermilion-coloured 
reticulated  pellicle  develops  on  the 
surface.     (Plate  11.  Fig.  3.) 
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They  form  a  vermilion  layer  on 
potato. 

They  were  isolated  by  Koch  in 
India  from  the  intestinal  contents 
of  an  ape. 

Bacillus  indigogenes  (Alvarez). 
Bods  3  /Li  in  lengtn  and  1*5  /x  in 
width)  singly,  and  in  chains  ;  capsu- 
lated. 

On  agar  they  produce  a  yellowish- 
white  layer,  and  are  said  to  develop 
an  indigo-blue  colour  in  infusions 
of  leaves  of  the  indigo  plant. 

Intravenous  injections  in  guinea- 
pigs  are  said  to  produce  death  in  a 
few  hours. 

They  were  isolated  from  the 
leaves  of  the  indigo  plant. 

BaciUos  indigonacens  (Clas- 
sen).— Rods  1-6  to  3  ^  long,  '8  to 
*9  ft  wide  ;  non-motile. 

They  form  a  sky-blue  layer  on 
the  surface  of  gelatine. 

On  potato  the  growth  is  dark- 
blue,  and  later  has  a  metallic  lustre. 

Bacillus  indigoferus,  which  was 
found  in  water  at  Kiel,  is  only 
to  be  distinguished  by  its  motility. 

Bacillus  inflatns  (A.  Kooh).— 
Rods  4*6  to  5-5  ft  in  length,  *6  to 
1*8  ft  in  width,  and  filaments. 

The  colonies  seiid  out  delicate 
processes. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  send  out  fine 
filaments  in  the  track  of  the  needle 
followed  by  slow  liquefaction. 

On  agar  they  form  a  shining 
brownish  layer. 

In  broth  a  pellicle  forms  on  the 
surface. 

They  occur  in  the  air. 

Bacillus  innnctus  (Pohl).— 
Rods  3*5  fi  in  length,  *8  to  *9  ft  in 
width. 

Inoculated  in  the  depth  of  gela- 
tine they  grow  both  in  the  track  of 
the  needle  and  on  the  surface  ; 
liquefaction  follow^  in  time. 

On  agar  they  form  a  whitish 
growth. 

They  were  isolated  from  the 
water  of  marshes. 

Bacillus  invisibilis  (Yaughan). 
— Rods  ;  motile. 

The  colonies  are  irregular  and 
yellowish. 


Inoculated  in  the  depth  of  gela- 
tine they  grow  both  in  the  track  of 
the  needle  and  on  the  surface. 

On  agar  they  form  a  white 
growth. 

On  potato  they  develop  an  in- 
visible layer. 
;  They  occur  in  water. 

Bacillus  iridescens  (Tataroff).— 

Rods  from  3*5  to  6*2  fi  in  length 
and  threads.  Spore-formation  pre- 
sent ;  slightly  motile. 

The  colonies  have  a  characteristic 
appearance  recalling  that  of  the 
convolutions  of  thel)rain. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  depression  at  the 
point  of  puncture,  and  a  thread- 
like growth  along  the  needle 
track. 

On  agar  they  form  a  thick,  un- 
even, moist,  greenish-yellow,  irides- 
cent growth,  with  a  pitted  surface. 

Blood  serum  is  liquefied. 

On  potato  there  is  a  dry,  thick, 
dark  yellow  growth  like  honey. 

Broth  is  rendered  turbid,  and 
there  is  a  yellow  deposit. 

They  are  found  in  water. 

Bacillus  lactis  aerogenes  (Es- 

cherich). — Rods  short  and  thick, 
'5  to  '8  ft  broad,  and  1  to  2  ^i  long, 
with  rounded  ends  ;  usually  in  pairs 
side  by  side  and  also  in  irregular 
heaps.  Non-motile ;  spore-forma- 
tion not  observed.  They  grow  best 
at  37''C. 

Colonies  on  the  surface  are  raised, 
moist,  shining  and  porcelain-white. 
Below  the  surface  they  have  a 
yellowish  nucleus. 

Inoculated  in  the  depth  of  gela- 
tine the  rods  form  an  abundant 
nail-shaped  growth.  On  potato  the 
culture  is  composed  of  white  colo- 
nies, and  bubbles  are  formed.  The 
colonies  may  coalesce  and  produce 
a  creamy  layer. 

On  blood  serum  there  is  a  raised, 
moist,  shining,  white  gi'owth. 

In  milk  sugar  or  grape  sugar 
solutions  they  produce  gas. 

Injected  subcutaneous ly  in  ral)- 
bits  and  guinea-pigs  they  cause 
death  in  from  one  to  three  days, 
and  the  bacilli  are  found  in  the 
blood  and  internal  organs. 
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They  were  found  in  the  intestinal 
tract  of  animals  fed  with  milk  and 
of  infants  at  the  breast. 

BaciUus  lactis  albus  (Loffler). 
— Rods,  3*4  ft  in  length,  96  fi  in 
width,  and  filaments.  Spore-forma- 
tion present. 

Inoculated  in  the  depth  of  gela- 
tine they  slowly  liquefy  the  upper 
part,  and  a  white  scum  forms  on  the 
surface. 

On  agar  they  form  a  white  layer. 

On  potato  the  growth  is  dry  and 
white.    They  coagulate  milk. 

Thejr  occur  in  milk. 

Bacillus   lactis    erythrogenes 

(Hueppe). — Short  rods,  1  to  1*4  fi 
in  length  and  3  to  b  fi  in  width, 
and  filaments.  Colonies  small  and 
circular  ;  greyish-white  ;  later  yel- 
low and  surrounded  by  liquefied 
gelatine  with  a  pink  tinge. 

In  the  depth  of  gelatine  the 
growth  in  the  track  of  the  needle 
is  scanty,  but  on  the  surface  a 
whitish  patch  forms  which  after- 
wards turns  yellow,  and  the  gela- 
tine is  coloured  pink.  Later  lique- 
&iction  sets  in,  and  the  liquefied 
gelatine  is  turbid  and  pink. 

On  agar  a  shining  yellow  layer 
develops,  and  the  same  on  potato. 

In  broth  the  bacilli  produce  tur- 
bidity, ani  they  coagulate  milk. 

They  occur  in  ''  red  milk." 

Bacillus  lactis  pituitosi  (Lof- 

er). — Rods  slightly  bent. 

Colonies  circular,  greyish-white. 

On  agar  and  potato  they  pro- 
duce a  greyish -white  layer. 

They  render  milk  viscid. 

They  occur  in  milk. 

Bacillus  latericeus  (Adametz 
and  Eisenberg). — Rods  and  fila- 
ments. 

Colonies  circular,  granular,  red- 
dish-brown. 

In  the  depth  of  gelatine  there  is ' 
a   scanty  growth   along   the   track 
of    the    needle    and    a    brick -red 
growth  on  the  surface. 

On  i)otato  the  growth  is  also 
brick-red. 

They  occur  in  water. 

Bacillus  leporis  lethalis  (Gibier 
and  Sternberg). — Rods  1  to  3  ft  in 
length,  o  ft  in  width. 


Colonies  transparent  and  with 
the  appearance  of  broken  glass. 

In  the  depth  of  gelatine  there 
is  a  growth  along  the  track  of  the 
needle  with  a  conical  area  of  lique- 
faction at  the  upper  part,  and  a 
white  sediment. 

On  agar  they  form  a  trans- 
lucent mm.  They  liquefy  blood 
serum. 

On  potato  the  growth  is  pale- 
yellow. 

Cultures  injected  into  the  peri- 
toneal cavity  of  rabbits  are  toxic. 

They  were  isolated  from  the  in- 
testinal contents  in  cases  of  yellow 
fever. 

Bacillus  leprsB  (p.  407). 

Bacillus  leptosporus  (L.  Klein). 
— Rods  resemblmg  hay-bacilli, 
singly,  in  chains  and  long  twisted 
filaments. 

The  spore-membrane  is  said  to 
form  part  of  the  newly  grown 
bacillus,  and  the  filaments  are  de- 
scribed as  possessing  peculiar  spas- 
modic movements. 

They  were  isolated  from  a  con- 
taminated culture. 

Bacillus  limbatus  acidi  lactici 

(Marpmann). — Rods  short,  thick  : 
singly,  in  pairs  ;  capsulated. 

Colonies  white. 

In  the  depth  of  gelatine  they 
develop  slightly  in  the  track  of  the 
needle,  and  produce  a  white  patch 
on  the  free  surface. 

In  milk  they  produce  coagula- 
tion and  lactic  acid. 

They  occur  in  milk. 

Bacillus  limosus  (Russell). — 
Rods  3  to  4  ft  in  length,  l"26fi  in 
width  ;  singly,  in  pairs  and  chains  ; 
spore-formation  present. 

Colonies  transparent,  surrounded 
by  filamentous  processes. 

In  the  depth  of  gelatine  pre- 
pared with  sea-water,  liquefaction 
occurs  rapidly  in  the  track  of  the 
needle,  and  a  deposit  forms  at 
the  bottom  and  a  thin  skin  on  the 
surface. 

On  agar  they  form  a  white  layer, 
and  in  broth  turbidity  and  a  thick 
scum. 

On  potato  the  growth  is  greyish- 
white. 
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They  were  isolated  from  deep- 
sea  dredgings. 

Bacillus  liodermos  (Fltigge).— 
Small  short  rods  with  rounded 
ends  ;  actively  motile. 

Colonies  with  irregular  outlines 
float  on  liquefied  gelatine  in  the 
form  of  small  white  flakes. 

Inoculated  in  gelatine  a  greyish 
growth  occurs  along  the  track  of  the 
needle,  but  the  medium  later  be- 
comes liquefied  and  a  greyish-white 
flocculent  deposit  settles  at  the 
bottom. 

On  potato  a  smooth  shining  yel- 
lowish-white layer  spreads  quickly 
over  the  whole  surface,  and  after 
some  days  becomes  opaque  and 
slightly  wrinkled. 

They  occur  on  potato. 

Bacillus  liquefaciens  (Eisen- 
berg). — Rods  snort  and  thick,  with 
rounded  ends.     Very  motile. 

Colonies  round,  with  smooth 
edges  and  slimy  centres.  Lique- 
faction follows,  and  a  putrefactive 
odour  is  noticed. 

In  gelatine  they  make  a  funnel- 
shaped  whitish  growth  along  the 
track  of  the  needle. 

On  potato  the  growth  is  pale 
yeUow. 

They  occur  in  water. 

Bacillus  liquefaciens  commu- 
nis (Sternberg). — Rods  1  to  2  fi  in 
length,  and  *7  /x  in  width  :  singly 
and  in  pairs. 

In  the  depth  of  gelatine  they 
produce  rapid  liquefaction  in  the 
track  of  the  needle. 

On  potato  a  wrinkled  pinkish 
layer  is  formed. 

They  were  isolated  from  the  eva- 
cuations of  yellow-fever  patients. 

Bacillus  liquefaciens  magnus 

(Liideritz). — Rods  3  to  6  fi  in 
length,  '8  to  11  /x  in  width,  and 
filaments.     They  are  anaerobic. 

Colonies  develop  below  the  sur- 
face of  the  gelatine,  and  liquefaction 
extends  upwards  to  the  surface. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  cause  liquefaction 
in  the  lower  part  of  the  track  of 
the  needle. 

In  the  depth  of  agar  the  colonies 
have  delicate  branches. 


They  liquefy  blood-serum,  and 
produce  a  putrefactive  odour. 
They  occur  in  earth. 

Bacillus  liquefaciens   parvus 

(LUderitz).  —  Rods  2  to  5  ft  in 
length,  '5  to  7  ti  in  width,  and 
filaments.    They  are  anaerobic. 

Colonies  are  white,  and  liquefy 
gelatine  ;  but  in  agar  they  are 
spherical  or  almond-shaped. 

In  the  depth  of  gelatine  isolated 
colonies  appear  in  the  track  of  the 
needle,  and  in  the  depth  of  agar 
there  is  gas  formation. 

They  occur  in  earth. 

Bacillus  liquidus  (Frankland). 
— Rods  short  and  flat  ¥rith  rounded 
ends,  usually  in  pairs,  the  length 
of  each  pair  varying  from  15  /i  to 
3*5  fi.  They  are  very  variable  in 
size  ;  highly  motile ;  spore-forma- 
tion not  observed. 

Colonies  form  cup-shaped  excava- 
tions, with  almost  clear,  colourless 
contents.  The  edges  are  at  first 
smooth  and  circular,  but  they 
become  serrated  and  granular,  and 
soon  coalesce. 

A  broad  funnel-shaped  depression 
forms  along  the  whole  track  of  the 
needle,  containing  turbid  liquid  and 
masses  of  flocculent  material.  Later 
a  thin  pellicle  forms  on  the  surface, 
which  sinks  if  the  tube  is  shaken. 

On  agar  they  grow  quickly,  form- 
ing a  smooth  shining  layer. 

On  potato  a  thick  flesh-coloured 
growth  appears. 

Broth  is  rendered  turbid  with  an 
abundant  sediment,  and  after  a  few 
days  a  pellicle  forms. 

They  are  common  in  unfiltered 
water. 

Bacillus  litoralis  (Russell).— 
Colonies  granular,  with  regular 
contour  ;  slowly  liquefying. 

In  the  depth  of  gelatine  they 
develop  a  growth  in  the  track  of 
the  needle,  and  at  the  upper  part 
produce  a  cup-shaped  cavity  lined 
with  the  culture.  The  gelatine  is 
tinged  with  brown  in  the  vicinity. 

On  agar  they  produce  a  greyish- 
white  film,  and  in  broth  turbidity. 

Inoculated  in  the  depth  of 
gelatine  the  bacilli  form  a 
funnel-shaped    liquefaction    along 
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th«  track  of  the  needle,  and  the 


deposit  at  the  bottom  and  a  grejiah 
wrinkled  Btain  on  the  sarface. 

On  potato  a  thick  wrinkled  whitish 
skin  formK,  which  rapidly  grows 
over  the  whole  surface.  On  at- 
tempting to  raiae  this  skin  it  will 
be  found  to  be  attached  to  the 
potato  by  a  mncoua  sabHtanoe 
which  may  be  drawn  ont  in  loDg 
threads.  According  to  Hneppe  the 
bacilli  cannot  tonn  any  ropy  sub- 
stances from  augar,  but  they  have 
an  energetic  diaatatic  action.  They 
coi^uUte  the  casein  in  milk  in  a 
similar  manner  to  rennet. 

The  bacilli  are  abiquitona. 

Bacillus  lividos  (Plagge  and 
Proska  iier  ) .  —Bods. 

Colonies  blue-black,  liquefying. 

In  the  depth  of  gelatine  they 
produce  a  ooloarlM  thread  in  the 
track  of  the  needle  and  a  violet 
Uyer  on  the  surface  followed  by 
gndnal  liquefaction. 

On  agar  the  growth  is  blue-black,  | 
and  on  potato  violet. 

They  were  inolatod  from  water. 

They  are  probably  identical  with 
Bacillus    ianthinuH,    or    merely    a 

Baeiilns  InteuB  (Flt^e).— 
Short  immotile  rodn. 

ColonieH  irregular  in  form,  appear 
browniKh  under  a  low  power,  and   ' 
yellow  to  the  naked  eye. 

In  test-tube  cultivations  they 
form  a  yellow  growth  without 
liquefying  the  gelatine. 

They  occur  contikminating  plate- 
cultivations. 

BacilluB    maidis    (Cuboni).  — 

Bodii  'i  to  'A  n  in  length,  wngly, 
in  pairx.  and  in  chiiiDH ;  s|)ore- 
fonnation  prenent. 

Colonics  granular,  with  wrinkled 
periphery  ;  later,  liquefying. 

In  the  depth  of  gelatine  they 
produce  rapid  liquefaction  in  the 
track  of  the  needle. 

On  agar  a  dry  wrinkled  white 
film  Hpreads  over  the  Burface.  ! 

On  potato  the  growth  in  wrinkled, 
and  later  yel low ifh- brown.  They 
liquefy  blood  strum. 


They  were  isolated  from  human 
evacuations  and  infuxions  of  maize. 

BaciUng  mallei  (p,  4,'>2). 

BacilluB  megatheriom  (De 
Bary). — Rods  2Ci  /i  wide  and  four 
to  six  times  as  long,  with  ronnded 
ends  and  slightly  curved,  and  in 
short  irregular  chains.  Transverse 
division  occurs,  each  segment 
attaining  the  length  of  the  original 
rod.  In  the  fresh  state  they  appear 
non-articnlated,  but  when  treated 


(n)  A  chain  of  nnU  '  i'lO,  the  ntft 
X  COO.  (b)  Two  wtivc  rodK;  <£  anil  /, 
KucccMiivu  ntaeert  iif  )j;?n]iiiiAtion  ;  A 

tk.li.  '  {\ie  liary,)' 

with  a  dehydrating  agent  they  are 
seen  lo  be  composed  of  «horl  »cg- 
ment«withgronularconlent».   They 

Colonies  arc  umall  and  circular. 
and  the  gelatine  is  liquefied. 

In  the  <lcpth  of  gelatine  the 
bacilli  grow  rapidly,  forming  a 
funnel- shiiped  liijuefnction  in  the 
upper  part, 

'.In  agar  they  form  a  whitish 
layer  on  the  xurfacc,  and  the  jelly 
acquires  a  dnrk  colour. 

On  potato  yellowish' white  cheesy 
colonies  are  formed  round  the  point 
of  inoculation.  In  cultures  there 
is  copious  spore- format  ion.  They 
grow  best  nt  2i)'  C. 

They  were  isolated  originally 
from  boiled  ciibbiige. 
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Bacillns  membranacenB  ame- 
tbyEtinoa  (Eitienbcr^ ).— Short  rods 
with  rouadud  uodii  from  1  to  1*4  ft 
long,  and  '5  to  '8  /i  broad.  They 
are  grouped  together  irr^ularly. 
Some  indiTidual  bacilli  stain  more 
deeply  at  tlie  enda  than  in  the 
middle.  Non-motile.  They  grow 
only  between  15°  aod  20°  C.  gpore- 
formatioD  uacertaio. 

The  colonjefl  gradnally  assume  a 
violet  hue,  and  after  liquefying  the 
gelatine  float  on  the  surface  ns  violet 
pellicles,  reHembling  a  membrane 
Htained  with  gentian  violet- 
Inoculated  in  tlie  depth  of 
gelatine  a  yellowish -white  growth 
appears  on  the  free  aurince.  which 
aner  tea  days  or  more  becomeH 
violet.  Liquefaction  taken  place 
gradually,  and  in  about  a  month 
a  thick  violet  layer  covers  the  gela- 
tine which  lies  beneath  the  liquid 
part. 

On  agar  the  growth,  which  at  first 
has  a  yellowish  milky  appearance, 
becomes  violet  after  eight  or  ten 
days.  In  three  or  four  weeks  It 
has  become  very  mncb  wrinkled, 
and  lias  a  beautiful  deep-violet 
colour  with  a  metallic  lustre.     The 


jelly  is  not  stained,  and  the  growth 
can  be  easily  removed  from  itii 
surface. 

On  potato  they  grow  slowly,  and 
I  form  a  dirty  yellow  or  olive-green 

\  In  broth  they  grow  very  slowly  ; 
after  itomc  WL>eln  a  violet  deposit 
and  pellicle  are  formed,  and  the 

i  liquid  between  becomes  dark  brown. 

j       They  were  found  in  well  water. 
Bacillus    menin^tidis    pnrs- 

;  lentae  (Noumunn  and  Schafier).— 

I  Rods  -2  fi  in  length.  -C  to  '7  ^  in 
width,  and  fUanient.i. 

Colonies  granular,  greyLsli. 
In  the  depth  of  gelatine  n  greyish- 
yellow  Slament  develops,  com|>osed 

I   of  closely  packed  colonies,  and  00 

i   the  surface  a  greyish  layer. 

I  On  potato  the  growth  is  moist 
and  white. 

They  are  pyogenic  in  small  ani- 

I  male  and  doge. 

I       They  were  isolated  from  a  case 

'  of  purulent  meningitis. 

I      BacUlna   mesentericns  foBcns 

■  (FlUgge).— Bods  small  and  short, 
singly,  in  chains  of  two  and  four. 
Actively  motile,  ^pore-formation 
present. 

Colonies  are  at  fii-st  roundish  and 
rather  white,  with  a  sharp  outline  ; 
later  delicate  browniah-yellow  pro- 
cesses appear.  Liquefaction  occun 
rapidly. 

Inoculated  in  the  dB[ith  of  gela- 
tine a  wliitish  growth  forms  along 
the  truck  of  the  nce<lle,  the  upper 
portion  of  which  soon  liquefies : 
greyish  flakes  float  in  the  liquefied 
portion. 

On  potato  a  smooth  yellowish 
growth  appears  on  the  first  day. 
but  it  soon  becomes  brown  and 
wrinkled.  It  remains  relatively 
thin  and  superficial,  and  quickly 
spreads  over  the  whole  surface. 

They  are  fouud  in  hay  dust,  in 
the  air,  on  the  surface  of  potatoes, 
and  are  very  widely  distriliuted. 

BacilloB  mesentericns  rnber.— 
Slender  rods,  singly,  in  pairs,  and 
in  Glaments. 

Colonies  are  circular  and  yellow- 
ish until  they  come  to  the  surface, 
when  they  produce  a  network  and 
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liquefy  the  gelatine.  The  network 
disappears  and  a  little  deposit  occurti 
at    the    bottom    of    the   liquefied 

Inoculnted  in  the  depth  of  gela- 
tine 8  vhitish  cloudy  growth  fonna 
along  the  needle  track,  liquefactioii 
setB  in  and  extends  until  the  gela- 
tine i»  completely  liquefied. 

On  potato  a  thin  crinkled  film  is 
formed,  which  is  yellowish  or  red- 
dl«h-yeilow  in  colour. 

They  ot'cur  on  potato, 

fia-tulloB  meBenterioiiB  vn^a- 
tUB  (Flfigge),^Rods  large  and 
thick,  often  forming  pseudo-threads. 
They  have  nn  oscillating  moTemeut. 
Spore-formation  prtisent. 

The  colonien  are  bluish-white  and 
almost  trauKjiarent,  though  the 
ceatref  Ix-come  gradually  opaque. 
They  sink  in  the  liquefied  gelatine, 
and  ai'e  granular  with  iiregular 
contour. 

SmUIos  maltipedicnlna 
(FlUgge).— Rods  long  and  slender. 
Non-motile. 

The  colonies  consist  of  a  central 
oval  nucleus,  from  which  numerons 
tapering  procefses  shoot  out  mostly 
towards  one  pole.  This  form  of 
growth  gives  a  curious  resemblance 
to  an  insect  with  feet  and  antennae. 

Inoculated  in  the  depth  of  gela- 
tine a  whitish  line  forms  along  the 
track  of  the  needle,  from  which 
short  processes  grow  out. 

On  potato  a  rather  scanty  dirty- 
jellow  growth  forms,  and  the  sur- 
face of  the  potato  becomes  dis- 
coloured ai'ouDd  it. 

They  are  often  found  as  a  cod- 


Bacillns  muBCoidea  (Libcriuu) 

— Rode  t  II  thick,  sometimes  form- 
ing threads  :  slightly  motile,  and 
with  round  or  oval  sjtores  at  one 
end.    Tbey  are  unaeroliic. 

The  colonies  ramify  and  resemble 
a  delicate  moss. 

Tbey  were  found  in  the  (edema' 
tous  fluid  of  field  mice  inoculated 
with  garden  enrtb  and  stale  cheese. 

BacillnB  mTcoideB  (Flu^gej.— 
Rods  rather  thick,  nearly  the  aixe 
of  BscilluH  autbracis.  Motile, 
often  forming  long  psendo- threads. 


OtoI  and  highly  refractive  spores 
both  iu  the  roilH  and  threads. 

Colonies  consist  of  a  whitish  tOT- 
bidity  in  which  colourless  branched 
and  interwoven  processes  are  seen  ; 
these  increase  rapidly,  and  after 
twelve  to  twenty  bours  appear  like 
the  mycelium  of  a  fungus. 

Inoculated  in  the  deptli  of  gela- 
tine tbey  form  very  fine  and  closely 
suL  hairs  extending  from  the  track 
of  the  needle.     Later  liquefaction 

On  potato  a  whitish  layer  grada- 
ally  extends  over  the  surface. 

They  occur  in  earth  from  the 
surface  of  cultivated  ground, 

BacilluB  mycoideB  TOBetta 
(SchoU).— Rods. 

Colonies  composed  of  interlacing 
filaments. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  liquefaction  in 
the  track  of  the  needle  ;  a  reddiah 
scum  forms  on  the  surface,  and  a 
reddish  deposit  at  the  l>ottom  of 
the  liquefied  area. 

On  agar  they  produce,  in  the 
absence  of  light,  a  pink  growth. 

BacilluB  neapolitanoB  (Bmme- 
rich).— Short  rods    9  fi  in  width. 


:S  NK.^POLlIASf(l,   JI 

i).     ri,   l''rum  intea- 


tuuii  LxiDireiiH  in  4  uase  of  cholera ; 
b.  From  |vriCun»Ll  fluid  of  an 
inoculAled  guinea-pig. 
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Colonies  circular,  later  irregular, 
granular,  strongly  refractive  and 
yellowish  -  brown.  They     are 

probably  identical  with  Bacillus  coli 
communis. 

They  were  isolated  from  cases  of 
cholera  at  Naples. 

BaciUus  necrophoms  (Loffler). 
— Hods  and  filaments. 

They  cannot  be  cultivated  on  the 
ordinary  media.  In  rabbit  broth 
they  give  rise  to  fluffy  masses  of 
filaments. 

Intravenous  injection  produced 
in  rabbits  a  pysBmic  condition  in 
aboat  a  week.  The  bacilli  were 
found  in  the  pus. 

They  were  isolated  from  a  rabbit 
which  had  been  inoculated  with 
fragments  of  a  condyloma. 

Bacillus  nitrificans  (Wino- 
gradsky  V — Very  small  rods  5  /*  in 
in  lengtn,  singly  and  in  zoogloea. 

Colonies  in  silica  jelly  are 
lenticular,  and  sub-cultures  in  liquid 
media  produce  k  gelatinous  de- 
posit. They  are  powerful  oxidising 
agents. 

They  were  isolated  from  the  soil. 

Bacillus      nodosus      parvus 

(Lustgarten). — Rods  1*2  to  2*4  fi  in 
length,  '4  fi  in  width  ;  singly  and 
in  pairs. 

Inoculated  in  the  depth  of  agar 
they  produce  a  white  filament  in 
the  track  of  the  needle  composed 
of  crowded  colonies,  and  on  the 
surface  a  hemispherical  glistening 
growth. 

They  were  isolated  from  the 
human  urethra. 

BaciUus  nubilus(Frankland).— 
Slender  rods  3  fi  long  and  "3  fi  wide, 
and  threads.  Single  bacilli  have  an 
active  rotatory  movement,  but  the 
long  threads  in  broth  cultures  are 
quite  motionless.  Spore-formation 
not  observed. 

The  colonies  appear  as  cloudy 
undefined  patches,  which  rapidly 
liquefy  the  gelatine.  They  consist 
of  a  tangled  mass  of  threads. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  along  the  ^ck 
of  the  needle  horizontal  circular 
plates,  with  a  delicate  cloud-like 
appearance,  and  liquefaction  at  the 


upper  part.  Later  the  whole  of 
the  gelatine  is  liquefied. 

On  agar  they  form  a  thin  opales- 
cent blue-violet  film,  the  edges  of 
which  exhibit  later  a  distinct  violet 
fiuorescence. 

On  potato  there  is  a  slightly 
yellow  growth  which  is  scarcely 
visible. 

Broth  is  rendered  turbid  with  a 
dirty-white  deposit,  the  surface 
being  covered  by  a  thin  pellicle. 

They  occur  in  water. 

Bacillus   ochraceus   (Zimmer- 

mann). — Rods  1-25  to  4*5  fi  in 
length ;  65  to  -75  pt  in  width  ; 
singly,  in  pairs,  chains,  and  fila- 
ments ;   capsulated. 

Colonies  circular,  granular,  yel- 
low, liquefying. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  liquefaction  in 
the  track  of  the  needle,  and  a 
yellow  deposit. 

On  agar  and  potato  the  growth 
is  yellow  ochre  in  colour. 

They  occur  in  water. 

Bacillus  (Bdematis   aerobicus 

(Klein). — Rods  8  to  2-4  ^  in  length, 
'7  ft  wide,  and  long  filaments. 

Colonies  greyish;  transparent, 
with  irregular  contour. 

In  the  depth  of  gelatine  a  fila- 
ment occurs  in  the  track  of  the 
needle,  and  gas  bubbles  in  isolated 
colonies  in  its  lower  part,  and  a 
transparent  patch  with  irregular 
margin  on  the  free  surface. 

On  the  surface  of  agar  they  pro- 
duce a  greyish-white  layer. 

In  broth  there  is  turbidity  with 
flocculi. 

On  potato  the  growth  is  yellowish 
and  viscid. 

They  give  rise  to  extensive  oedema 
in  guinea-pigs,  and  in  a  less  marked 
form  in  rabbits. 

They  occur  in  eai*th. 

Bacillus  oedematis  maligni 
(p.  220). 

Bacillus  of  Belfanti  and  Fas- 

carola. — Very  short  rods. 

Colonies  circular,  granular,  yel 
lowisb-grey. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  a  filament  com- 
posed   of    closely-packed    minute 
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colonies,  and  on  the  gurfaoe  a 
greyish  fihn. 

On  agar  they  produce  a  greyish- 
white  growth. 

On  potato  a  transparent  whitish 
film. 

They  are  fatal  to  rabbits,  guinea- 
piffs  and  small  birds. 

They  are  probably  identical  with 
Bacillus  septicffimiffi  hadmorrhagicsB. 
'  They  were  isolated  from  pus  in 
a  case  of  tetanus. 

They  were  isolated  from  deep-sea 
dredginffs. 

BaciUuB  of  Colomiatti.— Minute 
rods.  Spore-formation  occurs  at 
the  ends  of  the  rods.  They  can 
be  cultivated  at  3T  C. 

They  form  a  thin  film  on  agar 
and  on  blood  serum. 

They  were  isolated  in  cases  of 
conjunctivitis. 

Bacilliu  of  Fulles,  No.  I.— Rods 
1  to  1*2  ^  in  length,  '6  fi  in  width. 

Colonies  circular,  granular,  yel- 
lowish-brown. 

On  the  surface  of  gelatine  thev 
produce  a  thin  film,  and  in  broth 
turbidity  and  flocculi. 

On  potato  the  growth  is  yel* 
lowish. 

No.  II.  Very  short  rods. 

Colonies  circular,  granular,  yel- 
lowish. 

In  the  depth  of  gelatine  the 
growth  resembles  Friedlander's 
pneumococcuH. 

On  potato  the  growth  is  yellowish. 

They  were  isolated  from  earth. 

Bacillus  of  Guillebeau.— No.  I. 

Short  rods  1  to  2  ft  in  length,  I  fi 
in  width. 

Colonies  spherical,  granular. 

In  gelatine  the  bacilli  produce  a 
growth  in  the  track  of  the  needle 
and  a  white  patch  on  the  surface. 

On  agar  the  growth  is  white,  and 
on  potato  yellowish,  viscid,  and  con- 
taining gas  bubbles. 

They  cojigiilate  milk. 

No.  II.  Rods  resembling  the 
above  described  but  distinguished 
by  the  production  of  viscid  colonies 
and,  extremely  slowly,  of  liquefac- 
tion in  the  jelly. 

No.  III.  Rods  also  resembling  the 
above  mentioned,  but  colonies  are 


adherent  to  the  jelly  and  coarsely 
granular. 

Milk  and  other  liquid  culture 
media  are  rendered  extremely  vis- 
cid. 

Bacillus    of  Letzerich.— Rods 

sometimes  bent,  and  filaments. 

They  rapidly  liquefy  gelatine. 

They  produce  purulent  peritonitis 
and  death  in  rabbits. 

They  were  isolated  from  unne. 

Bacillus  of  Martinez  (Stem- 
berg). — Short  rods  I  to  1*2  ft  in 
length  and  *5  to  '8  /x  in  width  ; 
non-motile. 

Colonies  circular  and  translucent, 
with  a  central,  nipple-like  projec- 
tion, and  the  surface  covered  with 
mosaic  markings. 

In  the  depth  of  gelatine  the 
growth  consists  of  large  spherical 
translucent  colonies  in  the  track  of 
the  needle,  and  a  thin,  translucent, 
scanty  growth  upon  the  surface. 

They  were  isolated  from  the  liver 
in  a  fatal  case  of  yellow  fever. 

Bacillus  of  Nocard.  ( Vid^  Strep. 

tothrix  farcinica.) 

Bacillus  of  Okada.— Short  rods 
rather  thicker  than  the  bacilli  of 
mouse-septicsBmia,  singly,  in  pairs 
and  in  filaments.  Spore-formation 
not  observed. 

Colonies  granular  and  brownish. 

Inoculated  in  the  depth  of  gelatine 
they  form  a  white  filament,  and  on 
the  surface  a  milk-white  patch. 

Inoculated  on  agar  the  growth 
spreads  over  the  surface  forming  a 
milk-white  layer. 

In  broth  they  produce  cloudiness 
and  a  layer  floating  on  the  surface. 

They  do  not  grow  on  potato. 

Cultures  produce  death  in  mice, 
guinea-pigs  and  rabbits  in  twenty 
hours. 

They  were  isolated  from  dust. 

Bacillus  of  Roth— No.  l  and 
No.  2.    Rods. 

Two  varieties  were  isolated  from 
old  rags.  They  appear  to  be 
varieties  of  Bacillus  coli  communis. 

Bacillus  of  Sattler.-  2  to  4*5  ft 

long  and  08  /x  thick. 

They  can  be  cultivated  on  nutrient 
gelatine  and  blood  serum. 

Infusion  of  jequirity  containing 
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the  bacilli)  inoculated  into  the  con- 
junctiva of  healthy  rabbits,  produces 
severe  ophthalmia.  The  poisonous 
principle  is  a  chemical  ferment 
abrin.  Boiling,  which  does  not 
destroy  the  spores  of  the  bacillus, 
destroys  the  ferment,  and  cultiva- 
tions started  from  these  spores, 
though  teeming  with  jequirity 
bacilli,  are  quite  harmless  (Klein). 

The  bacilli  occur  in  infusions 
of  the  beans  of  Abrus  precatorius 
or  jequirity. 

Bacillus  of  Schaffer  (Freuden- 
reich). — Rods  2  to  3  fi  m  length, 
1  fi  in  width,  and  long  filaments. 

Colonies  circular,  granular,  yel- 
lowish. 

In  the  depth  of  gelatine  a  growth 
develops  in  the  track  of  the  needle 
and  a  gre3rish  layer  on  the  surface. 

On  agar  the  growth  is  greyish 
and  sometimes  brownish,  and  on 
potato  yellowish. 

In  broth  with  peptone  and  milk 
sugar  there  is  copious  formation  of 
gas-bubbles. 

They  closely  resemble  Bacillus 
coli  communis. 

They  were  isolated  from  cheese 
and  potato. 

Bacillus  of  Scheurlen.— Rods 
1*5  to  2*5  ft  in  length,  *5  fi  in  width. 
They  were  isolated  from  cancerous 
growths  by  Scheurlen,  and  were 
later  identified  with  Bacillus  epider- 
midis. 

Bacillus  of  Schou.— Short  rods 
and  cocci-forms. 

Colonies  are  spherical,  opaque, 
and  granular. 

The  bacilli  inoculated  in  gelatine 
rapidly  liquefy  it,  and  a  white  de- 
posit forms  at  the  bottom  of  the 
liquid. 

Rabbits  inoculated  in  the  trachea, 
or  made  to  inhale  pure-cultures,  are 
said  to  develop  fatal  pneumonia. 
They  were  isolated  from  rabbits 
with  pneumonia,  following  section 
of  the  vagi. 

Bacillus     of    swine     plague 

(p.  .351). 

Bacillus  of  Tommasoli.— Short 

rods  from  1  to  1*8  fi  in  length,  and 
-25  to  '3  fi  in  width,  singly,  and  in 
short  chains. 


Colonies  grey  and  shiny. 

In  the  depth  of  gelatine  they 
form  a  filament  competed  of  closely- 
packed  colonies,  and  on  the  surface 
a  shining  mass. 

On  agar  the  growth  consists  of 
greyish  patches. 

On  potato  the  growth  is  granular 
and  yellowish-white. 

Cultures  rubbed  into  the  skin 
are  said  to  produce  a  vesicular 
eruption. 

They  were  isolated  from  the 
scalp  in  a  case  of  sycosis. 

Bacillus  of  Utpadel.— Rods  1-25 
to  1*5  /i  in  lengtn,  and  '75  to  1  fi 
in  width,  singly,  in  pairs  and  short 
chains. 

Colonies  milk-white. 

On  the  surface  of  gelatine  the 
growth  is  milk-white,  and  on  agar 
yellowish-white. 

Injected  subcutaneously  in  cats, 
guinea-pigs  and  mice,  they  produce 
extensive  oedema,  and  a  fatal  ter- 
mination. 

They  were  isolated  from  the 
human  intestine. 

Bacillus  of  Winogradsky.  (See 
Bacillus  nitrificans.) 

Bacillus  ovatus  minutissi- 
mus  (Unna).  —  Short  rods  with 
pointed  ends  *6  to  *8  /x  in  length, 
'4  /i  in  width,  singly,  and  in 
masses. 

Colonies  are  minute,  granular  and 
yellowish. 

The  baciUi  inoculated  in  the 
depth  of  gelatine  form  a  filament 
of  closely  packed  greyish-white 
colonies,  and  on  the  free  surface 
there  is  a  shiny,  greyish-white 
layer. 

On  agar  the  growth  is  very  simi- 
lar, and  on  potato  also. 

They  were  isolated  from  the  skin 
in  eczema  seborrhoeicum. 

Bacillus  ozytocus  pemiciosus 

(Wyssokowitch). — Rods  short  and 
thick. 

Colonies  circular,  granular,  yel- 
lowish, or  yellowish-brown. 

The    bacilli    inoculated    in    the 
depth  of  gelatine  produce  a  growth 
resembling  Friedliinder's  pneumo- 
coccus. 
I      They  coagulate  mU^ 


528 


DESCRIPTION   OF  SPECIES. 


The  products  injected  intrave- 
nously produce  death  in  from  three 
to  twenty-four  hours. 

They  occur  in  sour  milk. 

Bacillus  pestifer  (Frankland). 
— Rods  2*8  /x  in  length,  1  /i  in 
width,  and  filaments.    Motile. 

Colonies  resemhle  those  of  Bacil- 
lus vermicnlaris. 

On  agar  they  produce  a  dentated 
transparent  layer,  and  on  potato  a 
flesh-coloured  growth. 

They  occur  in  the  air. 

Bacillus  phosphorescens  eeli- 

dus  (Forster^. — Very  short  roas. 

Colonies  circular,  granular,  yel- 
lowish or  greenish. 

Xhe  bacilli,  inoculated  in  the  depth 
of  gelatine,  produce  very  little 
growth  in  the  track  of  the  needle, 
and  a  white  film  on  the  surface. 

On  agar  and  potato  the  growth 
is  whitish. 

Cultures  are  photogenic. 

They  were  isolateid  from  phos- 
phorescent fish. 

Bacillus  phosphorescens  Indi- 

CUS  (Fischer). — Rods  singlv  and  in 
pairs,  and  filaments.    Motile. 

Colonies  circular,  well-defined, 
greenish. 

The  bacillij  inoculated  in  the 
depth  of  gelatine,  produce  a  greyish 
filament  in  the  track  of  the  needle, 
and  a  hemi8i)herical  excavation  of 
the  jelly  at  the  upper  part.  Later 
the  jelly  is  liquefied,  and  there  is  a 
yellowish  scum  on  the  surface. 

On  agar  and  potato  the  growth 
is  white. 

Cultures  are  photogenic. 

They  were  isolated  from  sea- 
water. 

Bacillus  phosphorescens  indi- 

genus  (Fischer). — Rods  1*3  to  1*2 
ft  in  length,  -4  to  7  ^  in  width, 
singly,  in  pairs,  and  filaments. 

Colonies  circular,  greenish,  and 
later  yellowish. 

The  bacilli,  inoculated  in  the 
depth  of  gelatine,  produce  a  conical 
excavation  in  the  upper  part  of  the 
needle  track  without  liquid  con- 
tents, but  with  a  dry  growth  on 
the  sides. 

There  is  no  growth  on  potato. 

Cultures  are  photogenic. 


They  occur  in  sea-water  and  on 
phosphorescent  fish. 

Bacillus  plicatus  (Zimmer- 
mann). — Minute  rods,  singly,  in 
pairs,  and  in  short  chains. 

Colonies  yellowish-white. 

The  bacilli,  inoculated  in  the 
depth  of  gelatine,  form  minute 
isolated  colonies,  and  on  the  surface 
a  wrinkled  patch  with  gradual  lique- 
&iction. 

On  potato  the  growth  is  dry  and 
yellowish. 

They  occur  in  water. 

Bacillus      pneumosepticus 

(Bab^s). — Short  rods,  -2  /x  in  width. 

Colonies  irregular,  semi  -  trans- 
parent. 

In  gelatine,  the  bacilli  grow  in 
the  track  of  the  needle.  On  agar 
the  growth  is  whitish  and  shining. 

Rabbits,  guinea-pigs  and  mice 
die  in  two  or  three  days  of  septi- 
csBmia  when  a  culture  is  injected 
subcutaneously. 

They  were  isolated  from  a  fatal 
case  of  septic  pneumonia. 

Bacillus  polypiformis   (Libo- 

rius). — Slender  rods,  si)ore-forma- 
tion  present.    They  are  anaerobic. 

Colonies  composed  of  peculiar 
convoluted  processes. 

In  the  depth  of  blood  serum  they 
produce  a  cloudiness  at  the  lower 
part  of  the  needle  track. 

They  occur  in  soil. 

Bacillus  prodigiOSUS  (Mirror 
cnccuH  jn'ofiiyi()8n8  :  Cohn. — libtod 
rain,  Ji/eedinf/  host).  Very  short 
rods  with  rounded  ends,  and  thread 
forms  ',0  to  1  /i  in  width,  forming 
at  first  rose-red  and  then  blood-reil 
zoogloea. 

They  liquefy  gelatine. 

They  grow  luxuriantly  on  the 
sloping  surface  of  nutrient  agar- 
agar,  and  on  sterilised  potato,  and 
the  colour  varies  from  blood -red  to 
bright-red  with  sometimes  a  metal- 
lic lustre.  The  cells  themselves 
.ire  colourless.  The  colouring-matter 
resembles  f  uchsine  :  it  is  insoluble 
in  water  but  soluble  in  alcohol. 
The  addition  of  acids  changes  it  to 
carmine  red,  and  of  alkalies  to  a 
yellow  colour. 

They     appear     occasionally     on 
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bread,  boiled  rice,  and  starch  paste, 
and  more  rarely  on  boiled  white 
of  egg  and  meat.  Milk  sometimes 
becomes  coloured  blood-red  by  the 
growth  of  this  fungus,  an  appear- 
ance formerly  attributed  to  a  disease 
of  tfie  cow. 

In  Paris  in  1843  the  micro- 
organism was  peculiarly  prevalent, 
attacking  especially  the  bread  pro- 
duced in  the  military  bakehouses. 

BacUliis    proteus   fluorescens 

(Jager). — Short  thick  rods  and 
threads.    Actively  motile. 

Colonies  resemble  minute  drops 
of  water. 

The  rods  inoculated  in  gelatine 
produce  a  growth  similar  to  that 
of  Koch's  comma-bacilli. 

The  jelly  becomes  greenish,  and 
a  pellicle  forms  on  the  surface. 

On  agar  the  growth  when  fully 
developed  is  yellowiah-white,  with 
a  green  fluorescence. 

On  potato  they  form  a  brown 
layer. 

They  are  pathogenic  in  mice. 

They  were  isolated  from  the 
internal  organs  of  fowls  suffering 
from  an  epidemic  disease. 

Bacillus  pseudo-diphtheriticns 
(p.  3:^0). 

Bacillus    pseudo-tuberculosis 

(Pf  eiffer). — Rods  varying  in  length. 

Colonies  circular,  with  dark  nu- 
cleus and  transparent  zone. 

In  the  depth  of  gelatine  they 
produce  a  filament  composed  of 
small  colonies,  and  on  the  surface 
a  patch  with  concentric  markings. 

They  grow  on  agar,  but  not  readily 
on  potato. 

Inoculated  in  mice,  guinea-pigs, 
rabbits,  and  hares,  they  produce  a 
fatal  result  in  from  six  to  twenty 
days.  An  abscess  forms  locally, 
the  lymphatic  glands  enlarge  and 
caseate,  and  the  internal  organs 
contain  nodules  resembling  tubercle. 

They  were  isolated  from  the  in- 
ternal organs  of  a  horse  supposed 
to  be  glandered. 

Bacillus    pulpsB    p3rogenes.— 

Rods  slightly  Dent  and  with  pointed 
ends  ;  singly,  in  pairs,  and  in  chains. 
Colonies  circular,  yellowish- 
brown. 


Inoculated  in  the  depth  of  gelatine 
liquefaction  occurs  in  the  upper 
part  of  the  needle  track  and  ex- 
tends downwards. 

Intraperitoneal  injection  in  mice 
produces  death  in  from  eighteen  ta 
thirty-six  hours. 

They  were  isolated  from  putrid 
dental  pulp. 

Bacillus  punctatus  (Zrmmer- 
mann). — Rods  1  to  1*6  in  length, 
*  77  /A  in  width,  singly,  in  pairs,  and 
chains. 

Colonies  composed  of  stringy 
masses  in  liquefied  gelatine. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  rapid 
liquefaction  in  the  track  of  the 
needle,  and  a  white  deposit. 

On  agar  the  growth  is  smooth 
and  shining. 

On  potato  the  growth  is  brownish. 

They  occur  in  water. 

Bacillus  putrificus  coli  (Bien- 

stock). — Slender,  motile  rods,  3  fj, 
in   length,  often    less,    sometimes 


/    • 


Fig.  208.— Bacillus  Putkificus  Coli,. 
X  1000  (Biknstock). 

forming  long  threads.  Spore-for- 
mation present. 

Cultivations  in  gelatine  are  iri- 
descent. 

They  are  constantly  present  in 
iseces. 

Bacillus  pyocyaneus  (Gessard). 

— Slender  rods,  singly,  in  twos 
and  threes,  or  in  irregular  masses. 
Spore-formation  present. 

White  colonies  appear  in  twenty- 
four  hours,  which  liquefy  the  gela- 
tine. The  whole  of  the  medium 
acquires  a  greenish  shimmer. 

If  the  l^cilli  are  cultivated  in 
gelatine,  the  jelly  is  liquefied,  and 
coloured  green  by  reflected  light,  and 
a  deep  orange  by  transmitted  light. 

On  agar  they  form  a  white  layer, 
and  colour  the  medium  a  pea-green. 
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On  potato  a  dry  rust-brown 
^owth  appears  at  the  seat  of 
inoculation,  which  becomes  green 
when  treated  with  ammonia. 

The  pigment  formed  by  the  micro- 
organkm  is  a  definite  principle- 
pyocyanin.  It  can  be  extracted 
with  chloroform  from  pus  and  from 
washing  of  bandages  ;  it  is  soluble 
in  acidulated  water,  which  it  colours 
red.  In  neutral  solution  it  becomes 
blue.  It  crystallises  in  chloroform 
in  long  needles  ;  and  forms  some- 
times lamellae  and  prisms. 

They  cause  death  in  guinea-pigs 
when  injected  into  the  abdominal 
cavity.  Rabbits  are  not  killed  by 
intravenous  injection. 

The  bacilli  are  antagonistic  to 
anthrax  bacilli.  Charrin  and  others 
have  shown  that  rabbits  inoculated 
with  a  pure-culture  of  Bacillus 
pyocyanus  after  inoculation  with 
Bacillus  anthraciswill  not  succumb 
to  anthrax.  Woodhead  and  Wood 
produced  similar  results  by  using 
sterilised  cultures,  showing  that  the 
results  were  due  to  the  chemical 
products  of  the  bacilli. 

The  rods  occur  in  the  pus  of  those 
cases  in  which  the  wounds  and  pus- 
stained  bandages  exhibit  a  greenish- 
blue  colour. 

Bacillus  pyogenes  feet  id  us 

(Passet). — Small  rods,  about  1*45  /i 
in   length,   and    '58    fi    in  width  ; 


^  ^ 
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Fig.   20f).— Bacillum    Pycxjknes 
Fomnus,    x  TtK)  (Pamset). 

often  in  pairs,  or  linked  together 
in  chains.  They  are  motile,  and 
spore-formation  occurs. 

Colonies  like  white  points  appear 
after  twenty-four  hours,  and  de- 
velop into  greyish  spots,  and  these 
enlarging  coalesce  into  a  layer. 

Cultivated  in    nutrient  gelatine 


a  greyish,  veil-like  growth  forms 
on  the  surface. 

In  nutrient  agar-agar  the  culti- 
vation resembles  the  growth  in 
gelatine.  On  blood  serum  a  moder- 
ately thick  greyish-white  streak 
develops,  and  on  sterilised  potato 
an  abundant,  shining,  brownish 
culture. 

From  all  these  media  a  putrid 
odour  emanates,  but  no  smell  is 
detected  from  a  cultivation  in  milk. 

Inoculated  into  mice  and  guinea- 
pigs,  abscesses  are  produced  or  death 
from  septicemia  results. 

They  were  isolated  from  putrid 
pus. 

Bacillus  pyogenes  soli  (Bolton). 

— Rods  resembling  Bacillus  diph- 
therise. 

Colonies  granular,  faintly  yellow. 

The  bacilli  inoculated  in  the  depth 
of  gelatine  form  colonies  in  the 
track  of  the  needle. 

They  are  pyogenic  in  mice  and 
rabbits. 

They  are  present  in  earth. 

Bacillus  radiatus  (Luderitz). — 

Rods  4  to  7  fi  in  length,  '8  /a  in 
width,  and  filamenU.  Motile. 
They  are  anaerobic.  Spore-forma- 
tion present. 

Colonies  are  composed  of  delicate 
interlacing  filaments. 

In  the  depth  of  gelatine  a  growth 
occurs  at  the  lower  part  of  the 
needle  track,  from  which  fine  fila- 
ments are  given  off  in  the  sur- 
rounding jjelatine,  and  liquefaction 
follows.  The  growth  in  the  depth 
of  agar  is  also  composed  of  fine 
filaments. 

In  sub-cultures  they  produce  a 
cloudy  liquefaction. 

Cultures  have  a  peculiar  odour. 

They  occur  in  earth. 

Bacillus    radiatus    aquatilis 

(Zimmermann). — Rods  1  to  6*5  ft 
in  length,   05  /i  in  width. 

Colonies  white,  with  a  marginal 
zone  of  radiating  filaments. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  grow  in  the  track 
of  the  needle,  and  excavate  and 
liquefy  the  surrounding  gelatine, 
and  form  on  the  free  surface  a 
wrinkled  patch,  which  later  subsides 
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to  the  bottom  of  the  liquefied 
area. 

On  agar  a  smooth  slightly 
brownish  layer  is  formed,  and  on 
potato  it  is  yellowish. 

They  occur  in  water. 

Bacillus  ramosus  (Eisenberg).— 
Rods  singly,  and  in  chains  ;  fila- 
ments.   Spore-formation  present. 

Colonies  are  composed  of  curi- 
ously twisted  filaments. 

The  bacilli  inoculated  in  the  depth 
of  gelatine  produce  delicate  fila- 
ments extending  in  all  directions 
from  the  track  of  the  needle,  fol- 
lowed by  liquefaction  ;  later  a  skin 
forms  on  the  surface.  There  is  a 
sediment  at  the  bottom  of  the  tube. 

On  agar  they  form  a  greyish 
filamentous  layer,  and  on  potato 
a  whitish  growth. 

They  occur  in  earth  and  water. 

Bacillus  reticularis  (Jordan). — 

Rods  i)  fi  in  length.  1  /&  in  width  ; 
singly,  and  in  short  chains.    Motile. 

Colonies  are  composed  of  radi- 
ating filaments,  and  liquefy  the 
gelatine,  forming  an  excavation  with 
a  reticulated  lining. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  filaments 
extending  from  the  track  of  the 
needle,  and  at  the  upper  part  the 
jelly  is  excavated  in  the  form  of 
a  cup.  On  agar  they  form  a  dry 
layer,  and  on  potato  a  white  wooUy 
growth. 

Broth  is  made  turbid,  and  milk 
slowly  coagulated. 

They  occur  in  water. 

Bacillus  rosaceus  metalloides 

( Bacterium  rosaceum  metalloides^ 
Dowdeswell  ;  Mckgenta  bacillus), — 
Rods  '6  to  '8  /A  in  breadth. 

Colonies  in  the  depth  of  gelatine 
are  colourless,  but  superficial  ones 
are  prominent  and  magenta  in 
colour. 

On  the  surface  of  obliquely  solidi- 
fied gelatine  they  form  a  beautiful 
magenta  band  with  a  metallic 
lustre.  The  gelatine  is  not  lique- 
fied. Similar  growths  are  obtained 
on  agar  and  potato. 

It  is  one  of  the  most  striking 
of  all  the  chromogenic  bacteria. 
Cultures  have  the  appearance  of 


having  been  stained  with  an  alco- 
holic solution  of  fuchsine.  The 
colour  varies  in  subcultures  from 
magenta  to  a  sealing-wax-red. 

Bacillus  rubefaciens  (Zimmer- 
mann). — Rods  -75  to  1'65  fx  in 
length,  '32  fx  in  width,  singly,  in 
pairs,  and  in  chains. 

Colonies  are  faintly  reddish- 
yellow. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  grow  along  the 
track  of  the  needle  and  form  a 
greyish  layer  on  the  surface  ;  later 
the  jelly  acquires  a  reddish  tint. 

On  agar  the  growth  is  grey  and 
abundant. 

On  potato  the  growth  is  at  first 
grey,  later  reddish-brown,  and  the 
surface  of  the  potato  has  a  pink 
discoloration. 

They  occur  in  water. 

Bacillus  rubellus    (Okada).— 

Rods  resembling  those  of  malignant 
oedema.  They  occur  singly,  in 
pairs,  and  filaments  ;  are  motile, 
and  possess  fiagella,  and  are  often 
capsulated.     They  are  anaerobic. 

Colonies  are  whitish,  with  off- 
shoots in  the  surrounding  gelatine, 
which,  later,  is  liquefied,  and  has  a 
reddish  tinge. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  growth 
in  the  lower  part  of  the  needle 
track  composed  of  isolated  colonies 
with  radiating  processes.  The  jelly 
is  liquefied,  at  first  in  the  part 
corresponding  with  the  growth,  and 
later  completely.  The  liquefied 
gelatine  is  coloured  red. 

In  agar  the  growth  extends  from 
below  upwards^  and  the  jeUy  is 
coloured  red. 

In  broth  they  grow  rapidly. 

They  were  isolated  from  dust. 

Bacillus  ruber  (Breunig,  Badlle 

rouge  de  Kiel,  Laurent). — Rods 
2*5  to  5  ft  long,  and  -7  to  8  fi  broad. 
Slightly  motile. 

Colonies  below  the  surface  of 
gelatine  are  pale  yellow,  and  super- 
ficial ones  are  blood-red. 

Inoculated  in  the  depth  of  gela- 
tine they  liquefy  it  and  colour  it 
bright  red.  There  is  also  forma- 
tion of  gas  bubbles. 
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Potato  is  rapidly  covered  with  a 
purplish-red  growth.  Broth  be- 
comes turbid,  and  pink  in  colour. 

Milk  is  coagulated,  and  a  blood- 
red  colour  develops  on  the  surface 
and  gradually  extends. 

They  were  found  in  water. 

Bacillus  rubescens  (Jordan). — 
Rods  4  fi  in  length,  '9  fi  in  width, 
singly,  in  pairs,  and  short  chains. 

Colonies  pure-white. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  little  growth  in  the 
track  of  the  needle,  and  a  pure- 
white  prominent  patch  on  the  free 
surface. 

On  agar  the  growth  is  white  and 
shining,  and  later  has  a  pink  tinge. 

On  potato  the  growth  is  flesh- 
coloured. 

Broth  becomes  turbid,  and  a  scum 
forms  on  the  surface. 

Milk  after  a  time  acquires  a  pink- 
ish colour. 

Thejr  occur  in  sewage. 

Bacillus  rubidus  (fiisenberg).— 
Rods  and  filaments. 

Colonies  circular,  granular,  and 
slightly  red. 

The  bacilli  inoculated  in  the  depth 
of  gelatine  produce  liquefaction  and 
a  brownish-red  colour. 

On  agar  and  potato  they  form  a 
brownish-red  growth,  and  liquefy 
blood  serum. 

They  occur  in  water. 

Bacillus     sanguinis     typhi 

(Brannan  and  Cheeseman). — Hods 
1  to  2f)  fjL  in  length,  o  to  8  /x  in 
width  ;  singly,  in  pairs,  and  in 
chains,  and  involution  forms. 

Colonies  granular,  pale-brown. 

The  bacilli  inoculated  in  the 
depth  of  glycerine-agar  produce  a 
growth  in  the  track  of  the  needle 
composed  of  isolated,  minute,  white 
colonies. 

Rabbits  inoculated  die  in  from 
two  weeks  to  a  month. 

They  were  isolated  from  the 
blood  of  patients  suffering  from 
typhus  fever. 

Bacillus  saprogenes  (Rosen- 
bach). — Three  rod-formed  organ- 
isms have  been  described  by 
Rosen Ijach  as  intimately  associ- 
ated with  putrefactive  processes. 


No.  1.— Large  rods  (Fig.  210), 
which  form  an  irregular  sinuous 
streak  with  a  mucilaginous  appear- 
ance when  cultivated  on  nutrient 
agar-agar.  Spore-formation  pre- 
sent. They  grow  also  very  readily 
on  blood  serum,  and  all  cultivations 
yield  the  odour  of  rotting  kitchen 
refuse.    They  are  not  pathogenic. 

No.  2. — Rods  shorter  and  thinner 
than  No.  1.  They  develop  very 
rapidly  on  agar-agar,  forming  trans- 
parent drops,  which  become  grey. 
The  cultivations  yield  a  character- 
istic   odour    similar    to    the    last. 


'  f^ 
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Fio.  210. —Bacillus  saprogkneh,  No.  1. 
(RoBenbach. ) 

They  are  pathogenic  in  rabbits. 
The^  appear  to  be  identical  with 
Bacillus  foetidus  (Bacterium  fceti- 
dum,  Thin).  They  were  isolated 
from  a  patient  suffering  from  pro- 
fusely-sweating feet. 

No.  3. — See    Bacterium    sapro- " 
genes. 

Bacillus  scissus  (Frankland). — 
Very  short  rods,  1  to  2  /a  in  length, 
and  1  /i  in  width. 

Colonies  yellowish,  opaque  in  the 
centre,  and  periphery  dentated. 

Inoculated  in  the  depth  of  gela- 
tine there  is  no  growth  in  the 
track  of  the  needle,  but  a  shining 
layer  forms  on  the  surface,  and  the 
jelly  is  coloured  greenish. 

On  agar  the  growth  is  shining 
and  the  jelly  coloured  green. 

On  potato  the  growth  is  flesh- 
coloured. 

They  occur  in  earth. 

Bacillus  septicaemiaB  hsmor- 
rhagicae  (p.  2:U). 

Bacillus  septicus  (Klein).-- 
Rods  varying  in  size.  Non-motile. 
They  form  threads  or  leptothrix 
filaments,  and  are  rounded  at  the 
ends.  They  are  anaerobic,  and  form 
spores  independently  of  access  to  air. 
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In  a  nourishing  fluid  they  are 
overcome  by  the  presence  of  micro- 
cocci. Bacterium  termo  or  Bacillus 
subtilis. 

They  occur  in  the  soil,  in  putrid 
blood,  and  many  putrid  albuminous 
fluids,  and  occasionally  in  the  blood- 
vessels of  man  and  animals  after 
death. 

Bacillus  septiciis  acnminatns 
(Bab^s). — Rods  with  lancet-shaped 
ends,  about  the  size  of  the  bacilli 
of  mouse-septicaemia.  They  exhibit 
polar  staining.  They  can  be  culti- 
vated at  37"  C. 

On  agar  and  blood  serum  the 
colonies  are  circular,  transparent, 
and  later  coalesce  and  form  a  yel- 
lowish layer. 

They  are  fatal  to  rabbits  and 
guinea-pigs  in  from  two  to  six 
days. 

They  were  isolated  from  an  infant 
after  death  from  septic  infection 
occurring  five  days  after  birth. 

Bacillus    septicuB    a«^genu8 

(Nicolaier). — Rods  resembling  Ba- 
cillus septicaemiae  hsBmorrhagicse. 

Colonies  circular,  granul^,  with 
concentric  zones  of  varying  tints  of 
brown. 

Intravenous  injections  are  fatal 
to  rabbits  in  twenty-four  to  thirty- 
she  hours,  and  bacilli  abound  in  the 
blood. 

They  occur  in  recently  manured 
soil. 

Bacillus    septicus   keratoma- 

laciSB  (Babes). — Short  thick  rods 
singly,  and  in  pairs  ;  often  capsu- 
lated. 

Colonies  white,  with  dentated 
contours. 

The  bacilli,  inoculated  in  the  depth 
of  gelatine,  grow  in  the  track  of 
the  needle  and  on  the  surface  ;  gas 
bubbles  are  developed. 

On  agar  the  growth  is  arbores- 
cent and  opalescent. 

On  blood  serum  they  form  a 
shining,  somewhat  transparent, 
dentated  film.  Cultures  have  an 
ammoniacal  odour. 

They  produce  purulent  inflam- 
mation of  the  cornea. 

They  were  isolated  from  the 
cornea   in    a   case   of   septicsemia 


following      keratomalacia      in     a 
child. 
Bacillus  septicus  ulceris  gan- 

grSBnosi  (Babes). — Short  rods  o  to 
'6  fi  in  width. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  liquefaction  and 
gas  in  the  track  of  the  needle. 

On  agar  greyish- white  shining 
patches  are  found. 

On  potato  they  develop  a  trans- 
parent film. 

They  are  pyogenic  in  rabbits  and 
mice. 

They  were  isolated  from  the 
internal  organs  and  blood  in  a  case 
of  septicsBmia  following  gangrene. 

Bacillus      septicus       vesicsB 

(Clado). — Rods  1'6  to  2  /i  in  length, 
'5  /A  in  width. 

Colonies  circular,  transparent, 
yellowish. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  form  a  delicate 
filament  composed  of  dosely-packed 
colonies,  and  on  the  surface  there  is 
a  filmy  growth. 

On  agar  they  form  a  greyish- 
white  layer,  and  on  potato  the 
growth  is  dry  and  brown. 

They  are  poisonous  to  rabbits, 
guinea-pigs,  and  mice. 

They  were  isolated  from  urine 
from  a  case  of  cystitis. 

Bacillus  sessilis  (L.  Klein).— 
Rods  resembling  those  of  the  hay 
bacillus. 

They  are  said  to  be  distinguished 
by  fission  commencing  in  a  newly 
formed  rod  before  it  has  been  set 
free  from  the  spore. 

They  were  isolated  from  the  blood 
of  a  cow. 

Bacillus  smaragdino-phospho- 

rescens  (Katz). — Rods  with  pointed 
ends,  2  fxin  length,  1  /a  in  width. 

Colonies  circular,  faintly  yellow, 
with  concentric  rings. 

Inoculated  in  the  depth  of  gela- 
tine a  white  filament  forms  in  the 
track  of  the  needle  and  a  greyish- 
white  patch  on  the  free  snrraoe ; 
and  there  is  sometimes  liquefaction. 

In  broth  they  produce  turbidi^. 

On  potato  they  produce  a  thin 
brownuBh-yeUow  filni. 

They  are  photafMUiB^  and  1 
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pboBphorescence  ia  most  marked  in 
cnltares   containing  an   excels  of 

BHit. 

They  were  isolated  from  a  phos- 
phorescent herring. 

Bacillus  smaragdinns  foetiduB 
{Reimana).— Slender  rods  slightly 
bent. 

Colonies  on  agar  irregular,  with 
a  jellowish  granular  ancleus,  and 
transparent  nurginal  zone. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  growth 
in  the  track  of  the  needle,  and 
lit|Uef action  at  its  upper  part, 
and  a  p'eeniab  coloration. 

In  the  depth  of  agar  the  medium 
IB  coloured  green, 

On  potato  the  growth  is  brown. 
Cultures  emit  a  strong  odour. 

Intravenous  injection  produces 
death    in    rabbits    in    forty-eight 

They  were  isolated  from  aa»a.\ 

BacillnB  Bolidas  (Liideritz).— 
Bods  1  to   10  n  in  length,  -5  ^  in 

Tbey  are  aniierobic.  Cultivated  in 
grape-sugar  gelatine  thev  prodnce 
gas  bubbles  and  a  penetrating  fout 
odonr.  The  colonies  are  spherio-al, 
and  in  agar  under  a  low  power 
are  seen  to  be  composed  of  fine 
filaments  like  cotton  wool. 

In  broth  with  eiclusion  of  oxygen 
they  produce  a  copioun  growth  with 
abundant  formation  of  fuetid  gas. 

They  were  isolated  from  eartli. 

Sacillna  epinifenu  (Unna).^ 
Rods  sometimes  curved.  2  ^  in 
length,  -K  to  1  fi  in  width,  singly, 
in  paim,  and  masses. 

Colonies  bitve  peculiar  spines,  and 
later  a  radiated  marginal  none. 

In  the  depth  of  gelatine  minute, 
yellowish,  isolated  colonies  develop 
m  the  track  of  the  needle,  and  ii 
furrowed,  yellowish-grey  patch  on 
the  free  surface. 

On  agar  the  same  yellowish 
wrinkled  growth  appears. 

On  potato  they  form  a  shining, 
faintly-yellow  layer. 

Tbey  were  isolated  from  the  skin 

Bacillns  spinosas  (Luderitz).— 


Rods  sometimes  bent,  3  to  8  fi  in 
length,  'fi  fi  in  width,  and  long 
filaments.  Spore- formation  present- 
They  are  anaerobic. 

Colonies  are  compoeed  of  fine 
radiating  filaments,  and  liquefy  the 
jell,-. 

In  agar  the  growth  is  composed 
of    colonies    of    matted    filaments, 
and  there  is  gas-formation. 
They  liquefy  blood  serum. 
They  occur  in  earth. 
BacillQB  stolonatuB  (Adumets). 
— Rods  motiie. 

Colonies  on  gelatine,  ci  re  alar, 
granular,  and  whitish,  or  yellowish- 
brown.  ,  Colonies  on  agar  send  oH 
peculiar  wavy  processeB. 

Inoculated  in  the  depth  of  gela- 
tine a  granular  filament  develops  in 
the  track  of  the  needle,  and  a  white 
patch  on  the  free  surface  ;  later  the 
gelatine  is  excavated  in  the  npper 
part,  and  the  culture  lines  the 
cavity. 

On  potato  the  growth  is  whitish. 
They  occur  in  water. 
BacilloB  BtolonifeiTiB  (Pohl).— 
Rods  1-2  fi  in  length,  8  ^  m  width. 
Motile. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  rapid  liquefactioD 
in  the  track  of  the  needle. 

On  the  surface  of  agar  they  form 
a  white  growth. 
On  potato  they  grow  abundantly, 
I   but  scarcely  nt  all  in  milk. 
I       They    occur    in    the    water     of 
marshuA. 

Bacillus  striatas  albni  (Be*- 
ser). — Rods  sometimes  bent. 

Colonies  on  gelatine  appear  as 
minute  dry  points. 

On  agar  the  culonies  have  abrown 
'  nucleus  and  clear  marginal  tone. 

On  the  surface  of  asar  the  btcilli 
I  produce  a  greyish-white  thin  layer. 
On  potato  the  growth  is  tranfr- 
I  larent  and  sli((htly  gelatinons. 
I  They  occur  in  nasal  mncus. 
I  BacillnB  striatoa  flavos  (Bea- 
ser).— Short  rods,  strmghl  or 
I   curved  ;  involution  forms. 

Colonies  granular,  yellowish, 
I       On  the  surface  of  agar  they  pro- 
duce a  white  growth,  which  later 
I   becomes  sulphur  yellow. 
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On   potato  a   mmilar   colour    is 
produced. 
They  were  isolated  from  nasal 

Bacllliu  snbfl&TUB  (Zimmer- 
mann). — Hods  15  to  S  (*  in  length, 
'TT/ilD  width,  and  in  chaiaB.  Motile. 

Colonien    prominent,    yellowish- 


!  they 


On  the  surface  of  gelatii 
form  a   yellowish -grey   layer,   and 
on  the  surface  of  agar  and  potato 
the  growth  ia  yellow. 

They  occur  in  water. 

BaciUuB  BubtiliB  (Hay  bacillus), 
— Cylindrical  rods  as  much  as  (J  fi 
in  length.  Single  fomiB  ^row  to 
douhle  their  length,  and  then 
undergo  division.  They  also  form 
tfarenda  which  may  be  composed  of 


long  rodii,  short  rods,  and  cocci. 
They  are  motile,  and  provided  with 
a  Aagellum  at  each  end.  If  the 
nourishing  medium  is  impoverished, 
the  multiplication  of  the  tods  by 
division  gradually  ceases,  and  spore- 
formation  commencoi<.  The  rods 
become  motionless,  and  a  dark  spot 
ia  visible,  either  in  the  middle  or 
towards  one  end.  Thia  graduallv 
develops  into  a  shining  spore  with 
a  dark  outline.  The  rods  swell 
slightly  during  this  process  ;  their 
contour  becomes  undefined,  and 
Boon  disappears  entirely ;  spores 
being  set  free  in  about  twenty- 
fonr  hours.  The  spores  are  1*2  ^ 
long,  and  '6  ft  broad.  They  develop 
into  rods  in  the  following  way  :-.' 
On  one  side  of  the  spore  a  swelling 
appears,  at  the  summit  of  which 
an  opening  in  the  spore- membrane 
results,  and  the  germ  escapes  ;  this 
lengthens  into  a  rod,  and  remains 
for  a  time  attached  to  the  empty 
spore-me  m  brane . 


The  spores  are  widely  distribnted. 
and  occur  in  the  air,  soil,  dust,  etc. 
On  the  excrement  of  herbivoroua 
animals  the  bacilli  form  a  white 
effltireacence,  and  a  Qiick  crumpled 
skin  on  liquid  manure. 

They  flourish  equally  in  liquids 
and  upon  damp,  solid,  nouriithing 
media.  They  are  aerobic  ;  depriva- 
tion of  oxygen  causea  the  growth 
of  the  bacilli  to  cease,  and  tlie  rods 


In  plate-cultivations  the  colonien 
are  white,  and,  under  a  low  power, 
granular  and  irregular  in  outline 
and  faiutly-greenidi.  Liquefaction 
sets  in,  producing  depreasiona  like 
saucers.  The  centre  is  opaque,  and 
is  surrounded  by  a  network  of 
filaments,  which  extend  into  the 
gelatine  Burrounding  the  colony. 


v^ 


Fio.  212.— PuBK-n 


Inoculated  in  the  depth  of  gela 
tine,  liquefaction  occurs  rapidly  ii 
the  track  of  the  needle,  and  a  filu 
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floata  on  theHurface.  The  liquefied 
gelatine,  at  tiret  turbid,  becomes 
dear  as  the  bticilli  settle  at  the 
bottom  of  tbe  tube. 

On  Hgarawripkled  film  deveiopa, 
and  alxo  on  Berum. 


with  the  bacilli,  the  spores  of  which 
exist  in  great  numbers  in  ordinary 
hay.  A  more  sure  method  for 
obtaining  ft  pure  cultivation  is  aa 
follows  :— 

(ii)  Add  only  a  small  tjuantity  of 
■water  to  Bome  finely  chopped  hay, 
and  set  aside  for  four  hours  at 
3ri°  0. 

(6)  Pour  off  the  extract,  and 
dilute  it  to  the  sp.  gr.  l-lll'4. 

(c)  Boil  gently  for  one  hour  in 
a  bulb  plugged  with  cotton  wool. 

(>;)  Set  aside  500  com.  of  the 
extract  at  30'  C. 

In  about  twenty-four  hours,  as 
a  rule,  a  pellicle  has  comineDCed 
to  develop  upon  the  surface  of  the 
liquid.  If  the  reaction  is  definitely 
acid,  carbonate  of  soda  solution 
must  be  added  to  the  decoction. 


Mktik 


r  Stai.viko  Hay  Bai'illua. 


On  potato  the  growth  ta  white,  i 
and  there  is  copious  spcre-forma-  | 

On  ordinary  nutrient  liquids  they   ! 
develop  at  first  a  thin,  and  subse- 
quently  a   thick,  dense,  crumpled 
pellicle,  with  copious  spore-forma- 

The  simplest  way  to  obtain  a 
culture  of  the  bacillus  is  to  make 
a  decoction  of  hay.  The  bay  is 
chopped  into  small  pieces,  and 
boiled  with  distilled  water  in  a 
flask  for  a  quarter  of  an  hour. 
The  infusion  is  then  filtered  into  a 
beaker,  covered  with  a  glass  plate, 
and  set  aside  in  a  warm  place.  la 
two  or  throe  days  the  liquid  swarms 


To  denionstnite  the  flagelUt  uf  the 
VaoiUi.  they  may  be  alained  with 
hB!mBtox)*liii  solution  (Kochl.  or  by 
Loffler'B  inethud. 

Thv  linking  tngetlier  of  cucci,  long 
rods  and  sliort  roOH  in  the  thruada,  la 
shown  by  tmiting  with  alcuhulin  solu- 
tion or  fiinlisine.  or  with  iodine  solution 

To  atoin  tho  spores  the  KOTerif  Uaa 

CreuitrKtions  must  be  hentKd  to  a,  very 
Lgti  tempentture  (210'C.),  in  the  hot- 
air  steriliser  for  half  »d  hour,  or  they 
msy  he  exputwd  fur  s  few  setxnidH  to 
the  actiiHi  of  umoentrBtMl  Bulphurio 
Mid  (Btluhner),  or  floacvd  for  twen^ 
uiniites  on  hot  dilution  uf  the  dye. 

BacilluB  BubtiliB  Bimilaiu.— 
There  are  seveml  bacilli  closely 
re.iembling  BaciUua  subtilis. 

Two  have  lieen  isolated  from 
human  fteces  by  Bienstock  which 
do  not  liquefy  nutrient  gelatine. 

No.  I.  Rods  and  tilaments ; 
spore-formation  present. 

On  agar  they  produce  a  delicate 
wrinkled  veil. 

No.  II.  Hods  morphologically 
identical  with  No.  I. 

On  agar  they  produce  a  smooth, 
shinint:  layer. 

Bacillus  superflcialia  (Jordan). 
— Rods  )i-'2  fi  m  length,  and  '1  fi  in 
width  ;  singly,  and  in  pairs.   Motile. 

Colonies  have  a  yellowish-hrown 
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nacleus  and  iraDsparent  marginal 
zone. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  slight  growth  in  the 
track  of  the  needle,  and  after  a  time 
liquefaction  at  the  upper  part. 

On  agar  the  growth  is  smooth  and 
shining. 

In  broth  they  produce  turbidity. 

They  will  not  grow  on  potato. 

They  occur  in  sewage. 

Bacillus     tenuis    sputigenus 

(Pansini). — Short  rods,  singly,  and 
in  pairs  ;  capsulated. 

They  produce  a  whitish  growth 
on  the  surface  of  gelatine. 

They  coagulate  milk. 

They  are  pathogenic  in  rabbits. 

They  were  isolated  from  sputum. 

Bacillus  termo  (Mac^).— Thick 
rods  1*4  ^  loQgt  &nd  '8  fi  wide, 
usually  in  pairs,  sometimes  in  chains. 
Actively  motile. 

Colonies  whitish,  with  a  grey  edge 
surrounded  by  liquefied  gelatine. 

'  Inoculated  in  the  depth  of  gela- 
tine they  form  a  funnel-shaped 
area  of  Uquefaction,  and  later  the 
whole  of  the  jelly  is  liquefied. 

Broth  is  rendered  turbid  and  a 
thin  brittle  pellicle  is  formed. 

They  are  associated  with  decom- 
position. 

Bacillus  tetani  (p.  457). 

Bacillus  thalassophilus  (Rus- 
sel). — Slender  rods  varying  in 
length  ;  and  filaments.  They  are 
anaerobic.  Spore-formation  pre- 
sent. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  appears  in  the 
lower  part  of  the  track  of  the 
needle  in  the  form  of  cloudy  colo- 
nies, liquefving  the  jelly  and  pro- 
ducing gas-bubbles.  Cultures  emit 
a  penetrating  odour. 

They  were  isolated  from  sea-mud. 

Bacillus    thermophilus    (Mi- 

quel). — Rods  varying  in  size  accord- 
ing to  the  temperature  at  which 
they  are  cultivated.  In  broth  they 
grow  best  between  65**  and  70**  C, 
forming  a  copious  deposit.  They 
occur  in  air,  soil,  and  water. 

Bacillus  tremelloides  (Tils).— 
Rods  *75  to  1  /i  in  length,  *25  fi  in 
width  ;  and  in  masses. 


Colonies  circular,  yellowish- 
brown. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  growth 
composed  of  isolated  yellow  colo- 
nies in  the  track  of  the  needle, 
and  a  yeUow  mass  on  the  surface. 
They  liquefy  the  gelatine. 

On  agar  the  growth  is  slimy  and 
golden-yellow. 

On  potato  they  form  an  abund- 
ant yeUow  growth. 

They  occur  in  water. 

Bacillus  tuberculosis  (p.  378). 

Bacillus  tuberculosis  galli- 
narum  (p.  402). 

Bacillus   tumescens  (Zopf).— 

Cocci,  long  and  short  rods.  They 
form  a  jelly-like  disc  '5  to  1  cm.  in 
diam.  on  slices  of  boiled  carrot, 
with  the  appearance  of  a  rather 
tough,  crumpled  skin  of  a  whitish 
colour.  Examination  of  this  pel- 
licle shows  that  it  is  formed  of 
rows  of  rods  lying  closely  together. 
These  rods  can  be  observed  to 
divide  into  short  rods  and  cocci. 
Spore-formation  occurs  in  two 
stages  of  development — viz.,  in  the 
cocci  and  in  the  short  rods.  A 
cultivation  is  obtained  by  exposing 
slices  of  boiled  carrot,  slightly 
moistened,  to  the  air  at  the  tem- 
perature of  the  room. 

Bacillus    typhi    abdominalis 

(p.  342). 

BaciUus  ubiquitus  (Jordan).— 
Rods  1*1  to  2  ^  in  length,  '1  ft 
in  width  ;  and  filaments. 

Colonies  granular  and  well 
defined. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  produce  a  growth 
resembling  that  of  Friedlander's 
pneumocoocus. 

On  agar  and  potato  the  growth 
is  greyish-white. 

They  coagulate  milk  and  reduce 
nitrates. 

They  occur  in  air  and  water. 

Probably  a  variety  of  Bacillus 
candicans. 

Bacillus  ulna  (CobnV— Cocci, 
short  rods,  long  roda,  and  threida 
Diam.  of  the  ooooi  1*6  to  M. 
Spore-formation  in  bpth-ihoi 
longrods.    Nq teptio i^do* 
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duoed  b;  this  bacillufl  in  b  nouriab- 
ing  liquid.  Cloudy  masses  are 
found  on  the  Burfiice  of  the  liquid, 
which  later  form  a  thick  dry 
pellicle,  coDsisting  of  bundles  of 
threads  matted  t<^ther.  The  for- 
mation of  ellipeoidal  spores  occurs 
in  the  usual  wny  ;  they  measure 
2-i)  to  2'S  li  long,  and  more  than 

1  fi  wide.  The  bacillus  is  found 
in  rotting  eggs,  and  can  be  culti- 
vated on  boiled  white  of  egg. 

Bacillas  ulna  (Vignal).— Rods 

2  fi  in  length  ;  singly,  and  in  pairs, 
and  iu  short  chains. 

Colonies  composed  of  concentric 
zones  varj'ing  iu  granularity. 

Inoculated  in  the  depth  of  gela- 
tine, liquefactiou  occurs  rapidly  in 
the  track  of  the  needle  :  later,  there 
is  a  deposit  at  the  bottom  nf  the 
liquefied  area  and  a  |;>ellicle  on  the 
surface. 

On  agar  they  form  a  white  ftd- 
herent  layer,  and  the  jelly  ia  tinged 
with  brown. 

In  broth  a  pellicle  forms  on  the 
surface. 

(.In  potato  they  form  a  pellicle 
with  characteristic  linear  markings. 

They  liquefy  serum.  Cultures 
produce  a  putrefactive  odour. 

They  occur  in  human  sulira. 

Bacillus  Tacnolosii  (Sternberg). 
— Rods  1  o  to  I'l  fi  in  length.  1  it  in 
width,  containing  ^-acuolated  proto- 
plssm ;  filaments,  and  involution 
forms.     At  times  slowly  motile. 

Inoculated  in  the  depth  of  gela- 
tine, liquefaction  occurs  slowly  at 
the  upper  part  of  the  track  of 
the  needle,  forming  a  cnp-shaped 
cavity  ;  the  liquefied  gelatine  is 
viscid,  and  a  cream-white  layer 
forms  on  the  surfnce. 

In  agar  the  development  in  the 
track  of  the  needle  is  scanty  :  oq 
the  surface  a  cream-white  layer  is 
formed,  and  the  bacilli  are  united 
in  long  jointed  filamonts. 

On  potato  B  similar  growth  is 
produced. 

They  were  isolated  frOm  the  in- 
testine in  fatal  cases  of  yd!  niv  fever. 

Bacillus  Tar icOBOs  conjonctiTSB 
(nomUert).— Rods'JtoSnin  length, 
1  u  in  width. 


Inoculated  m  the  depth  of  gela- 
tine they  produce  a  greyish- white 
filament  in  the  track  of  the  needle, 
and  a  greyish-white  patch  on  the 
surface  :  liquefaction  follows  with- 
out turbidity. 

On  the  surface  of  agar  a  white, 
dry,  adherent  film  ia  formed. 

On  potato  the  growth  is,  at  first, 
white  and  dry,  later,  reddish-brown. 

They  produce  hypermmia  when 
injected  into  the  conjunctiva. 

They  were  isolated  from  the 
healthy  human  conjunctiva. 

BacillnB  Tenenosna  (Vaugban). 
— Motile  rods. 

Colonies  circular,  whitish. 

Inoculated  in  the  depth  of  eelS' 
tine  there  Is  growth  in  the  tntck  of 
the  needle  and  on  the  free  surface. 

On  agar  they  form  a  white  Sim, 
and   on   potato   a   moist   brownish 

They  are  pathogenic  In  small 
animals, 

Thejr  occur  in  water. 

Bacillus  venenosuB  hreTia 
( Vaughau ).— Hods  short  aud  thick. 

Colonics  nre  yellow  and  composed 
of  concentric  rings. 

Inoculated  in  the  depth  of  gela- 
tine they  grow  in  the  track  of  the 
needle  and  over  the  free  surfaoe. 

On  agar  they  produce  a  white 
film. 

On  potato  the  growth  is  brownish. 

They  uro  pathogenic  in  small 
animals. 

Tbej' occur  in  w.-iter, 

BacilluB  TenenosuB  inviaibilis. 
— Slender  rods. 

Colonies  irregular,  granular. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  extremely  slow 
both  in  the  track  of  the  needle  and 
ou  the  surfnce. 

On  agar  there  is  a  whitish  film, 
and  ou  potatoes  a  brownish  layer. 

They   are    pathogenic    in    small 


Tbej 

BacilloB 
faciena  (Vanghan).— Ro 

Colonies   circular,  granular,  yel- 
lowish. 

Inoculated  in  the  depth  of  gel 
tine   they   grow    in    the    track 
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the  needle  and  on  the  surface,  and 
liquefaction  occurs  after  some 
weeks. 

On  agar  they  produce  a  white 
l^rowth,  and  on  potato  it  is  brown- 
ish or  yellowish. 

They  are  pathogenic  in  small 
animals. 

They  occur  in  water. 

Bacillus  ventricnli  (Raczyn- 
sky). — Rods  1*5  to  3  ft  in  length, 
1  fi  in  width,  singly,  in  pairs,  aiid 
in  short  chains. 

Colonies  have  a  dark  nucleus  and 
transparent  periphery. 

On  agar  they  form  a  white  layer. 

They  were  isolated  from  the 
digestive  tract  of  dogs. 

Bacillus  vermicularis  (Frank- 
land). — Large  bacilli  2  to  3  /x  in 
length,  1  /A  in  width,  and  long 
threads.     Spore-formation  present. 

Colonies  are  irregular  in  contour, 
the  irregularity  increasing  as  the 
colony  comes  to  the  surface.  The 
peripheral  part  is  composed  of 
closely  packed,  wavy  bands  of  bacilli, 
and  the  centre  is  irregular  and 
wrinkled. 

The  bacilli  inoculated  in  the 
depth  of  gelatine  form  a  flattened 
band  in  the  track  of  the  needle,  and 
a  grey  layer  on  the  surface  ;  lique- 
faction slowly  follows. 

On  agar  they  produce  a  smooth, 
shining,  grey  layer,  and  on  potato 
a  thick,  irregular,  flesh-coloured 
growth. 

They  reduce  nitrates. 

They  occur  in  water.  Probably 
identical  with  Bacillus  vermicu- 
losus. 

Bacillus  vermiculosus  (Zimmer- 
mann). — Rods  1*5 /a  in  length,  *85  fi 
in  width,  singly,  in  pairs,  very  short 
chains  and  long  filaments.  They 
are  slowly  motile. 

Colonies  irregular ;  grey,  granu- 
lar. 

Inoculated  in  the  depth  of  gela- 
tine they  produce,  after  four  days, 
liquefaction  in  the  upper  part  of 
the  needle  track,  which  spreads 
downwards,  and  a  reddish-grey  sedi- 
ment collects  at  the  bottom^  of  the 
liquefied  area. 

On  agar  the  growth  is  smooth  and 


shining,  and  on  potato  yellowish- 
grey. 
They  occur  in  water. 

Bacillus  violaceus  (vide  Bacil- 
lus ianthinus). 

Bacillus  violaceus  Laurentius 

(Jordan). — Rods  3  to  3*6  fi  in  length, 
•7  fi  in  width. 

Colonies  violet,  surrounded  by 
liquefied  gelatine. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  occurs  in  the  track 
of  the  needle,  and  a  violet  sediment 
collects  at  the  bottom. 

On  agar  the  growth  is  violet,  later 
black. 

On  potato  there  is  a  copious 
growth,  changing  in  colour  from 
violet  to  black. 

In  broth  a  violet  colour  is  pro- 
duced in  the  presence  of  nitrates. 

They  coagulate  milk,  and  render 
it  bluish-violet. 

They  occur  in  water.  Probably 
identical  with  Bacillus  ianthinus 
(Zopf). 

Bacillus  virescens    (Frick).— 

Rods  and  filaments. 

Colonies  irregular,  granular, 
green. 

On  the  surface  of  gelatine  they 
colour  the  medium  green. 

They  grow  on  agar. 

On  potato  they  form  a  brownish 
growth. 

In  broth  a  pellicle  is  formed  on 
the  surface,  and  beneath  it  the 
liquid  is  coloured  green. 

They  were  isolated  from  green 
sputum. 

Bacillus  yiscosus  (Frankland). 
— Rods  1*5  to  2  fi  in  length,  singly 
and  in  pairs. 

Colonies  granular,  with  hairlike 
processes  extending  into  the  gela- 
tine, which  is  liquefied  and  has  a 
green  colour. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  liquefaction  and 
a  green  fluorescence. 

On  agar  they  form  a  greenish- 
white  layer,  and  colour  the  jelly 
green. 

On  potato  the  growth  is  brown. 

Prolxibly  identical  with  Bacillus 
fluoresoens  liquefadens. 

Bacillus    Zumiaaus    (List).— 
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Rods  I-2  to  1  -5  ^  in  length.  -6  to  -8  « 
in  width.    Colonies  greyish- white, 

The  bacilli  inoculated  in  the 
depth  of  gelatine  develop  sHglitly 
in  the  truck  of  the  needle,  and  pro- 
duce a  prominent  gmpe-like  growth 
on  the  free  Hurfuce. 

On  potato  the  growth  ia  grey  or 
tinned  with  yellow. 

They  occur  in  water. 

Bacterium  aerogenea  (Miller). 
— Short  rods,  singly  and  in  pairs. 
Motile. 

The  colonies  are  circular,  well 
defined,  and  yellowish. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  in  the  track  of  the 
needle  is  brownish-yellow,  and  a 
flat  greyish  hutton  forma  on  the 
free  surface. 

On  agar  n  pulpy  layer  develops. 

On  potato  the  growth  is  pulpy 
and  jellowiwh- white. 

The  haeterin  posaeHa  great  power 
of  resisting  the  effect  of  acids. 

They  were  isolated  from  the  diges- 
tive tract. 

Bacterium     brunnenm 

(Schriiter).^  Motile  rods,  produ- 
cing a  brown  colour. 

They  were  observed  on  a  rotting 
infusion  of  mni». 

Bacterium  decalvans  (Thin).— 
Cocci,  singly  or  in   pairs,  lli  fx  in 

They  were  obiferved  in  the  roots 
of   the   hair   in   cbhcs   of   Alope-^a 

Bacterium   fuaif orme   ( Warm- 

injjl. — Hods  spindle-shaped,  with 
pointed  ends,  2-^1  n  long,  and  -a  to 
■8  fj  thick.  They  were  described 
aa  forming  a  spongy  layer  on  the 
surface  of  sea- water. 

Bacteriom  gingivae  pyogeneB 
(Miller).— Short  rode. 

Tlie  colonies  ore  circular  and 
rapidly  liquefy  gelatine. 

The  bacteria  inoculated  in  the 
depth  of  gelatine  produce  rapid 
liquefaction  in  the  track  of  the 
n^dle  and  a  white  sediment. 

On  agar  they  produce  a  moist 
white  growth. 

They  are  pyogenic  when  inocu- 
lated subcutaueouHly  in  small  ani- 


mals, and  cauNe  a  fatal  result  when 
injected  to  the  peritoneal  cavity. 

They  occur  in  the  deposit  on  tha 
teeth. 

Bacterium  hyacinthi  ( Wakker). 
—  Cocci      resembling      Bacterium 

They  were  observed  in  the  yellow 
slime  of  diseased  hyacinth  bulbs. 

Bacterium  hTdroBnlfureaiii 
ponticum         (Zcfinskjj.  —  Long 

On  agar  a  dark  cofFee-colouied 
pigment  is  produced,  which  turns 
black   when  exposed  to  air. 

Cultures  give  off  sulphuretted 
hydrogen. 

They  were  isolatedfromdredginga 
in  the  Black  Sen. 

Bacteriumlitoreum(  Warming). 
—Cocci  ellipsoidal,  2  to  li  p  long, 
Vi  to  2-4  II.  wide;  singly,  never 
as  chains  or  zoogleea. 

They  occur  in  sea-v.iter. 

Bacterium  lutenm  (List). — 
Rods  from  I'l  to  VA  ia  long.  Nnn- 
motile.  The  colonies  are  slimy,  with 
orange  centres. 

Inoculated  in  the  depth  of 
gelatine  an  orange  growth  occurs, 
principally  at  the  point  of  puncture. 

Milk  is  coagulated. 

They  occur  iu  water. 

Bacterium  merismopedioides 
(Zopf).— Threads  1  to  l-o  u  in 
thickoess  ;  these  subdivide  into 
long  rods,  short  rods,  and  Anally 
into  cocci.  The  cocci  divide  first 
in  one  and  subsequently  in  two 
directions,  forming  characteristic 
groups,  which  appear  like  merismo- 
[jedia.  These  gi'oups  may  eventually 
consist  of  64  by  64  cells  or  more, 
and  ultimately  form  xooglcea.  The 
cocci  develop  again  into  rods  and 
threads. 

They  were  observed  in  watur 
containing  putrefying  substances 
(River  Panke,  Berlin). 

Bacterium  navicula  (Reiuke 
and  Bert  hold). — Cocci  njiindle-fona 
or  elUpsoidal,  including  motile  and 
non-motile  forms.  They  have  ona 
or  more  dark  spots,  which  may  be 
coloured  blue  by  iodine. 

They  have  been  observed  in  rot- 
ting potatoes. 
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Bacterinm  photometricnm  (En- 

gelmann). — Rods  slightly  reddish  in 
colour  ;  motile. 

The  movements  are  stated  to 
depend  on  light. 

Bacterinm  synxanthnmCEhren- 

berg  ;  Bacterium  xanthinum  ;  Bac- 
terium of  yellow  milk). — Cocci  '7  to 
1  /A  in  length,  and  rod-forms. 
They  produce  a  yellow  colour  in 
boiled  milk,  which  at  first  becomes 
acid,  and  then  strongly  alkaline. 
They  also  occur  on  boiled  potatoes, 
carrots,  etc.,  where  they  form  small 
lemon-yellow  masses. 

The  colouring-matter  is  soluble 
in  water,  insoluble  in  ether  and 
alcohol,  unchanged  by  alkalies,  de- 
colorised by  acids.  It  is  similar 
to  yellow  aniline  colours,  both 
spectroscopically  and  in  ordinary 
reactions. 

Bacterium  termo  (Vignal).— - 
Rods  1 '5  to  2  /A  in  length,  *5  to  '7  ft 
in  width. 

Colonies  white,  surrounded  by 
liquefied  gelatine. 

The  l^cilli  inoculated  in  the 
depth  of  gelatine  produce  a  funnel- 
shaped  area  of  liquefaction  ;  later, 
the  jelly  is  completely  liquefied  and 
coloured  green.  Cultures  ha^e  a 
strong  putrefactive  odour. 

In  broth  they  form  a  white 
deposit  and  colour  the  medium 
green. 

They  were  isolated  from  human 
saliva. 

Bacterium  tholoeideum  (Gess- 

ner). — Rods  similar  to  Bacillus 
lactis  aerogenes. 

Pathogenic  in  small  animals. 

They  were  isolated  from  healthy 
human  evacuations. 

Bacterium  ureae  (Cohn).— Cocci 

1*25  to  2  /A  in  diam.,  singly  or  in 
chains,  and  rods.  The  rods  split 
up  by  division  into  chains  of  cocci, 
which  after  a  time  are  set  free.  The 
cocci  increase  further  by  subdivi- 
sion, and  a  jelly-like  membrane 
develops  around  them.  Masses  of 
cocci  exist  in  the  form  of  irregular 
or  roundish  lumps.  They  are 
aerobic. 

Cultivations,  after  twenty-four 
hours,  consist  exclusively  of  rods  ; 


after  forty-eight  hours,  of  cocci 
chains ;  and  in  fourteen  days,  of 
zoogloea ;  the  cocci  transplanted 
into  fresh  nourishing  solution  again 
grow  into  rods.  These  observations 
point  to  the  existence  of  a  pleo- 
morphic species,  Bacterium  urece  ; 
and  the  former  nomenclature,  Micro- 
coccus urecB^  must  be  regarded  as 
untenable. 

In  urine  they  set  up  ammoniacal 
fermentation,  converting  urea  into 
carbonate  of  ammonia.  Rods,  2  /x 
long  and  1  ^  wide,  have  been  iso- 
lated from  stale  urine  (BaciUus 
urese,  Leube),  which  also  most 
energetically  cause  the  ammoniacal 
fermentation  of  urine. 

Bacterium    urese    (Jaksch).— 

Rods  2  ft  in  length,  1  fiin  width. 

Colonies  on  gelatine  semi-trans- 
parent. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  form  a  delicate 
branching  growth  in  the  track  of 
the  needle. 

They  convert  urea  into  carbonate 
of  ammonia,  and  cultures  smell  of 
herring  brine. 

They  occur  in  ammoniacal  urine. 

Bacterium  violaceum  (Bergon- 

zini). — Rods  similar  to  Bacterium 
termo,  '6  to  \  ft  thick,  2  to  3  /x  long. 

They  occur  on  white  of  egg, 
forming  a  violet  pigment. 

Bac&rium  Zopfii  (Kurth).— 
Cocci,  1  to  1-25  ft  in  diam. ;  rods 
and  threads.  Cultivated  in  a  streak 
on  nutrient  gelatine  spread  out  on 
a  glass  slide,  a  peculiar  develop- 
ment takes  place.  In  twenty-four 
hours  after  inoculation  threads 
have  developed ;  in  forty-eight 
hours  windings  of  the  threads 
are  observed,  and  in  six  days  the 
threads  have  broken  up  into  cocci. 
They  were  observed  in  the  intestine 
of  fowls,  especially  in  the  contents 
of  the  vermiform  appendix.  In- 
oculation of  rabbits  was  followed 
by  negative  results.  Identical  with 
Bacillus  figurans  (Crookshank). 

Beggiatoa  alba  (Vauch).— Cocci, 
rods,  spirals  and  threads  (Fig.  215). 
The  threads  are  indistinctly  articu- 
lated, actively  oscillating,  and  colour- 
less ;     their    protoplasm    contains- 
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i  strongly  refractive  (p-aii- 
ulea  <M(naisting  of  sulphur.  They 
occur  iis  greyish  or  chalk-white 
gelatinous  threads,  3  to  3 '5  ;■ 
thii'k,     ia     sulphur     springs     and 

fiegeiatoa  mirabiliB  (Cohn).— 
Threitda    diBtinguisbed     liy    their 
breadth,    which   may   reach   30  /i. 
They  are  motile,  bent  and  curled    I 
in  various  ways,  and  rounded  at  1 
the    ends.      Around    the    threads,    I 
isolated  cellq   have  Iteen  observed,    . 


families,  bound  together  by  gela- 
tinous substance.  Later  they  be- 
come larger,  globular  or  ovoid  in 
shape,  and  hollow,  containing 
watery  fluid  in  their  interior.  The 
families  reach  a  diameter  of  GtiO  p, 
in  whioh  the  cocci  form  simply  a 
peripheral  layer.  The  hollow  fami- 
lies or  vesicles  are  often  perforated, 
presenting  a  deUcate  reticulated  ap- 
pearance, which  finally  may  become 
broken  up  into  irregular  structures. 
The   red   ciolou ring-matter   can   be 


macrococci,  but  spiral  forms  are  as 
yet  uukuown.  The  threads  are 
filled  with  sulphur  granules.  Tliey 
occur  in  sea-water,  forming  a  white 
gelatinous  scum  on  decompiling 
al™. 

B^g^iatoa  roBea-per8iciii& 
{Cu'ii'd  niaeu-jimicimi.  BacUTiuin 
nihttcenf.  fir  I'eiich-colourtil  Anr-  ' 
Ifriiiiii.,  Lankester).— Cocci,  rods,  j 
3piraLB,and  tbreads(Fig.3IG).  The 
cocci,  globular  or  oval,  reach  25  fi 
in  diam.     They  form  at  first  solid   | 


difltingnished  from  other  red  pig- 
ments, and  it  is  designated  by  the 
name  biu-ienu-/iiiri>urin.  It  is  ijuite 
distinct  from  the  pigment  produced 
by  Micrococcus  prodigiosus,  being 
peach-blossom  red,  and  inxolubla 
in  water,  alcohol,  etc.  Examined 
KpectroBcopicaJly,  it  shows  u  strong 
absorption  in  the  yellow,  and  a 
weaker  band  in  the  green  and  blue, 
as  well  as  a  darkening  in  the  more 
refrangible  half  of  the  Hpcctrum. 
In  the  cocci,  especially  of  the  older 
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-vesicles,  dark  granules  are  to  be 
seen,  which  consist  of  sulphur. 
The  micro-organisms  occur  on  the 
surface  of  marshes,  or  on  water  in 
which^!alg8B  are  rotting.  They 
form  a  rose-red,  blood-red,  violet- 
red,  or  violet-brown  scum  ;  and 
sometimes  in  such  quantity   that 


Cladothrix  dichotoma  (Cohn). 
— Threads  resembling  those  of  lep- 
tothrix ;  slender,  colourless,  not 
articulated,  straight  or  slightly 
undulated,  and  in  places  twisted 
in  irregular  spirals  with  pseudo- 
branchings.  The  development  can 
be  traced  from  the  cocci  to  rods  and 


Fio.  215.— Bbggiatoa  alba. 


A.  Threads  at  base  distinctly  linked,  partly  spiral.  B.  A  thread,  spiral  in  its 
whole  length.  C,  D.  Fragments  detached  from  threads ;  immotile.  E.  Active 
MpirilUim-forms,  with  a  flageUum  at  either  end.  F,  G.  Thin  and  short  spiral 
forms.     H.  A  spiral  showing  the  individual  links,      x  540  (Zopf ). 


whole  marshes  and  ponds  may  be 
coloured  blood-red  by  them. 

Spirillum  sanguineum,  rosaceum, 
violaceum,  monas  vinosa  and  Okenii, 
and  Rhabdomonas  rosea  are  pos- 
sibly phase-forms  of  Beggiatoa 
roseo-persicina. 


threads.  The  latter  are  at  the 
beginning  simple  threads,  which 
were  formerly  described  as  Lepto- 
thrix  parasitica^  or,  if  coloured  by 
impregnation  with  iron,  as  Lepto- 
thrix  ochracea.  Later  they  form 
false  branches  by  single  rods  turning 
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■side,  which  by  repeated  division 
iongtben  into  threadt^,  A  thread 
appears  Co  be  first  composed  of 
long  rods,  tbeo  of  short  rods,  and 
lastly  of  cocci.  The  iodine  reaction 
miiHt  be  applied  to  distinguish  these 
forms,  eHpocialty  when  the  sheath 
of  the  threiLds  has  a  yellow,  rnt<t- 
red.  olive-green,  or  dark  brown 
cotonition.  The  cocci  may  grow 
into  rods  while  still  in  the  sheath, 
and  tinally  become  loptotbrix 
threads,  sarroQcded  by  a  delicate 
gelatinous  sheatb,  from  which  tho 


media  small  tufts,  about  1  to  3  /i, 
and  floating  miisaeK, 
Cladothrix  Forsteri  (>  W--  ■sVi>7.- 

tolhrrj-   Fiiieleri,  Colm). 

Cladothrix  intricata  (Buasell). 
—  Rods  and  filaments. 

Colonies  are  composed  of  a  net- 
work of  twisted  threads. 

Inoculated  in  the  depth  of  gela- 
tine fine  filaments  spread  out  front 
the  track  of  the  needle,  and  tbe 
gelatine  in  liquefied. 

Grown  on  aj^ar  the  filaments 
penetrate  the  jelly. 


i'lU.   2ie.— PK.I^K-FOHMH  of  BKIidl 

false    branching    proceeds.      Frag-   | 
ments   may   break    off,   which   are 
actively    motile,    and    appear    as  ! 
vibrios,     spirilla,    and    spirochieta-   | 
forms.      They   may   also   occur   in 
loogloea  (Fig.  217). 

They  are  the  commonest  of  all 
bacteria  in  both  still  and  running 
water,  in  which  organic  substances 
are    present.      They   are   observed 
also  in  tbe  waste  water  of  certain 
manufactures,  such  as  sugar.     Arti-    ' 
ficially  they  can   be   cullivated  on    i 
infusions  of  rotting  algaa  and  ani-  > 
nal  substances,  forming  on  these   ' 


In  broth  the  growth  is  abundant. 

They  were  isolated  from  sea 
dredgings. 

Cladothrix  inTnlnerabilia  (Ac- 
osta,  y  Grande  Kossi). — Filaments 
which  produce  in  gelatine  a  white 
thread,  and  liquefy  it  very  slowly. 

On  potato  the  growth  is  abundant 
and  chalky  in  appearance. 

In  milk  they  form  a  firm  yel- 
lowish pelhcle  :  andin  broth  and  in 
water  the  growth  in  abundant. 

They  occur  in  water. 

Clostridium  butyricom  (vide 
Bac'l/i-  hil;,rici(e). 
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Clostridium  fmtidam  f  Li  bo- 
nus).— Rode  1  fi  in  width,  BinKlj  and 
in  filaments.  Spore-formation  re- 
Hembles  that  of  Bacillus  butyricuB. 
Theysre  anaerobic. 


Colonies  rapidlf  liqnefjr  gelatine,  i  forms.      The 


gas-formation  with  unpleasant  smell 
and  splitting  up  of  the  jelly. 

They  were  isolated  from  earth. 

Crenothriz  Enlmlana  (Baben- 
horst). — Cocci,  rods,  and  thread- 
■    are  globular, 


Fio.  217.— Cladothrii  dichotoha. 
A.  Branching Bchiiomyoete ;—(o)  Vibrio-form;  (6)  Spirillum-tunn  [slight 

I).  A  Hcrew-form  with  (n)  Spirillani-fanii ;  (6}  Vibrio-form, 

C.  Long  spirocheta-lorm. 

D.  Fragmeot  with  spirillum-form  at  one  end,  vibrio-form  at  the  other. 

K.  Screw-fomiii :— {«)  continuous  j  (6)  compoeed  of  rods ;  (r)  conipoe*d  of  ct 
F.  Spirochieta-fonn  : — (a)  continuous;  (b)  compoeed  of  loi^  rods;  |c)  ahor 
(</)  cocci  (Zopf ). 


On  agarthe  colonies  form  branch- 
ing procesees  resembling  colonies  of 
Bacillus  cedematis  maligni. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  apteads  from  be- 
low upwards.     There   is  abundant 


1  to  6  ft  in  diam.  The  threads  are 
colourless,  1'5  to  ;'>/!  thick,  and  club- 
shaped  at  the  extremity,  reaching 
a  diam.  of  ti  to  'J  /i.  The  threads 
form  colonies  with  a  briclt-red,  olive - 
^en,or  dark-brown  to  brown-black 
35 


o4B  nESCRimo!)  op  si-KCiBs. 

ooloration.     caused      by      impceg-   i  set  free  wheo   the   wheath    bursta, 

Datian    with   oiide   of    iron.     The  nnd  develop  into  new  threads.      In 

'tinctly  articulated,  other   cases    the   seRmenta   remain 


Fl.i.    2iS.— CrEKOTHHTX    Kl-JIM.l\A. 

a,  b,  c,  rf,  r.  Cocci  in  variou.*  stBg«i  of  fission,   x  fiOO. 

/.  Zoo^lita  of  cocci,  "  WO. 

3.  Various  fonns  of  looglcEa,  natural  size, 

A.  Colony  of  threads  composed  of  rods  grown  oot  of  n  Kiiogliea  of  cocci. 

i— r.  Thread- forms ;  some  straight,  othere  spiral,  «-itli  more  or  less  differentia- 
tion between  liaiesnd  a|iex,  (r)  is  comixispil  of  short  rods  nt  Ihe  l)n»e,  and  above 
these  of  cjlindrical  segments,  and  at  the  apei  these  sogments  have  divided  into 
coooi,  X  UOO  (Zopf). 
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which,  by  vertical  fission,  break  up 
into  globular  forms  (cocci).  These 
ap^in  develop  into  new  threads, 
either  within  the  sheath,  eventually 
penetrating  it,  or  after  they  are  set 
free. 

The  micro-organism  appears  in 
little  whitish  or  brownish  tufts  in 
wells  and  drain-pipes,  and  it  not 
only  renders  drinlang-water  foul, 
but  may  stop  up  the  narrower 
pipes. 

Diplococcus  albicans  ampins 

(Bumm). — Cocci  resembling  gono- 
cocci  but  much  larger,  singly  and 
in  tetrads. 

Colonies  are  prominent  and 
greyi8h-white. 

In  the  depth  of  gelatine  they 
produce  a  greyish-white  growth  in 
the  track  of  the  needle  and  on  the 
free  surface.  They  slowly  liquefy 
the  gelatine. 

They  were  obtained  from  the 
vainnal  mucous  membrane. 

Diplococcns   albicans    tardis- 

simns  (Bumm).  —  Cocci  morpho- 
logically  identical  with  gonococci. 
They  grow  extraordinarily  slowly 
on  gelatine. 

They  form  very  minute  colonies, 
which  are  opaque  and  greenish- 
brown  in  colour. 

Inoculated  in  the  depth  of  gela- 
tine isolated  greyish- white  colonies 
develop  in  the  track  of  the  needle, 
and  on  the  free  surface  a  thin, 
white,  waxy  film  with  dentated 
edge. 

On  agar  the  growth  is  very 
similar. 

They  were  isolated  from  the 
vaginal  mucous  membrane. 

Diplococcns  citrens  conglome- 

ratns  (Bumm). — Cocci  in  pairs 
resembling  gonococci,  1  5  /x  in  diam., 
in  tetrads  and  in  masses. 

Colonies  lemon-yellow ;  irregular 
in  form. 

Inoculated  in  the  depth  of  gela- 
tine the  cocci  develop  in  the  track 
of  the  needle,  and  liquefaction  com- 
mences at  its  upper  part. 

The  growth  on  the  free  surface 
is  yellow,  and  floats  on  the  liquefied 
gelatine  or  subsides  to  the  bottom 
of  the  liquefied  area. 


They  are  present  in  gonorrhooal 
pus,  in  air  and  in  dust. 

Diplococcns  citrens   liqne- 

faciens  (Unna). — Oval  cocci  I  to 
•1  /i  in  diam.,  in  pairs,  tetrads, 
short  chains,  and  masses. 

Colonies  appear  in  the  form  of 
circular  discs,  at  first  greyish- white, 
later  lemon-yellow.  They  are  finely 
granular,  and  have  sharply  defined 
contours. 

Inoculated  in  the  depth  of  gela- 
tine, at  the  end  of  a  week  the 
growth  is  found  on  the  free 
surface,  forming  a  shining  yellow 
layer ;  in  two  weeks  liquefaction 
commences,  and  the  growth  floats 
on  the  liquefied  gelatine  which  is 
also  yellowish  and  turbid. 

On  the  surface  of  agar  a  yellow- 
ish-brown layer  is  rapidly  formed. 

The  appearance  is  similar  on 
potato. 

They  were  isolated  in  cases  of 
eczema  seborrhoeicum. 

Diplococcns  coryzse  (Hajek).— 
Large  diplocooci. 

Colonies  are  white,  prominent. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  resembles  the 
pneamococcus. 

On  agar  a  white  layer  is  formed. 

They  are  probably  identical  with 
Friedlander's  pneumococcL 

They  were  isolated  from  the 
mucus  in  acute  nasal  catarrh. 

Diplococcns  flavns  liqnefaciens 
tardns. — Cocci  resembling  gono- 
cocci. 

Colonies  are  circular,  shining, 
and  chrome-yellow  in  colour. 

Inoculated  in  the  depth  of  gela- 
tine a  yellowish  growth  occurs 
along  the  needle  track,  and  also 
on  the  free  surface.  In  a  month 
the  surface  is  depressed,  but  the 
gelatine  is  not  liquefied  until  about 
two  months  have  elapsed. 

On  agar  a  yellowish-white  layer 
is  formed,  and  on  potato  the  colour 
is  more  pronounced.' 

They  were  isolated  from  the 
skin  in  eczema  seborrhoeicum. 

Diplococcns  flnorescens  foeti- 
dns  (Klamann). — Cocci  in  pairs  and 
chains. 

Colonies     circular,     forming    a 
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brown iith  deposit  surrounddd  by 
liquefied  gelatine  which  has  a  violet 
or  greenish  tinge. 

Inoculated  in  the  depth  of  gela- 
tine they  prodace  liquefaction  along 
the  track  of  the  needle,  with  a 
hemiapherical  excavation  of  the 
gelatine  at  the  upiier  part.  An 
iridescent  film  floats  on  the  surfsoe 
and  a  greenish  etdiment  forme  at 
the  bottom  of  tUe  liquefied  area. 

On  agar  the  layer  is  brownish. 

On  potato  the  growth  is  granular. 
and  the  potato  in  the  vicinity  boa 
a  blnish  colour. 

They   were  cultivated   from   the 

Diplococcns  intercellnlaria 
menin^tidia  (Weichselbaum). — 
Cocci  aingly,  in  pairs,  tatrads  and 
masses.     They  grow  at  3T'C. 

Colonies  on  agar  are  grannLir  and 
yellowish-brown. 

On  the  snr&ce  of  agar  they  form 
a  greyish-white  viscid  growth.  In 
the  depth  of  agar  the  growth  only 
occurs  in  the  upper  part  of  the 
needle  track. 

On  blood  serum  and  broth  there 
is  very  little  growth,  and  none  on 
potato. 

Cultures  quickly  lo»e  their 
vitality.  ^ 

They  are  pathogenic  in  mice, 
gnines-pigB,  rabbits,  and  dogH. 

They  were  iwlated  from  the  exu- 
dation in  cases  of  oerebro-spinal 
meningitis,  and  were  observed  in 
the  interior  of  pus  cells. 

Diplococcns  luteoB  (Adametz). 
— Cocci  r;!  to  rH/i  in  diara.,  siugly 
and  in  cbaioa.    Motile. 

Colonies  are  circular  and  aiightly 
yellow,  and  granuUr.  Old  colonies 
are  bright  yellow. 

On  the  surface  of  gelatine  a 
growth  occurs  in  concentric  circles 
of  a  lemon-yellow  colour,  and  the 
gelatine  is  coloured  red  dish -brown. 
After  several    weeks    liquefaction 

On  agar  a  yellow  layer  forms,  and 
the  joUy  is  coloured  reddish- brown. 

On  potato  the  growth  changes 
from  yellow  to  brown.  Milk  is 
coagulated. 

They  were  obtained  from  water. 


Diplococcns  of  pneamonia  in 
horses  (Schuti).— Oval  cocci,  singly 
or  in  pairs,  capsulated. 

Colonies  small  and  white. 

In  the  depth  of  gelatine  a  row  of 
colonies  develops  in  the  track  of  the 

On  agar  the  growth  is  composed 
of  transjjarent  droplets. 

Injection  into  the  lung  is  said  to 
produce  pneumonia,  ending  fatally 
in  eight  or  nine  days. 

They  are  pathogenic  in  rabbits. 
guinea-pigs,  and  mice. 

They  were  isolated  from  the 
lungs  of  a  horse  suffering  from 
pneumonia, 

Diplococcns  roseos  (Bamm^. — 
Cocci  identical  in  description  with 
gonococci. 

Colonies  are  pink,  granular,  and 
irregular  in  form. 

Inoculated  in  the  depth  of  gela- 
tine the  cocci  grow  freely  in  the 
track  of  the  needle  and  on  the 
surface,  developing  a  pink  colour 
and  slowly  producing  liquefaction. 

They  are  present  in  the  air. 

Diplococcns  snbflavus  <  Bumm). 
— Diplococci  similar  to  gonococci. 

Colonies  greyish- white,  later 
yellow. 

They  grow  in  gelatine  and  on 
blood  serum,  and  liqaefy  broth. 

They  produce  suppuration  when 
injected  subcutaDeously  in  man. 

They  were  isolated  from  loobial 
dischai^s,  the  vesicles  of  pem- 
phigus, and  from  the  secretion  iu 
colpitis  in  children, 

They  stain  by  Gram's  method. 

HBinatococcns  bovis  ( BaWjs). — 
Cocci  oval,  singly,  in  pairs,  and  in 

Inoculated  in  the  depth  of  gela- 
tine minute  colonies  develop  jn  the 
track  of  the  needle. 

Op  agar  the  growth  is  composed 
of  transparent  droplets. 

On  potato  a  yellowish  shining 
film  is  formed. 

On  blood  serum  the  growth  is 
similar  to  that  on  agar. 

They  produce  a  fatal  result  ia 
rabbits  and  guinea-pigs  in  ii  week 
or  ten  days. 

They    were    isolated    from    the 
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blood  and  organs  of  cattle  which 
died  of  an  epidemic  dieense  iis»o- 
ciaCed  with  hiemnglufaiDUriii. 

Helicobactflrinin  aerogenes 
(Millerl. — Baciilj  singly,  in  chuian 
and  long  wavy  filaments.     Motile. 

Colonies  whitish,  varying  in  form. 

Inoculated  in  the  depth  of  gela- 
tine the  bacilli  ^ve  rise  to  a  faintly 
yellow  growth  in  the  track  of  the 
needle,  and  on  almost  iavigible, 
rapidly  growing  layer  on  the 
surface. 

Od  potato  the  growth  is  dry  and 
brownish. 

They  were  isolated  from  the 
henlthy  intestinal  tract. 

Leptothrix  bnccalis  (Robin).— 
Long,  thin  threads,  '7  to  1  fi  broad, 
colourless,  often  united  in  thick 
bundles  or  felled  together.  Masses 
of  cocci  occur  with  the  thread.*, 
and  the  threads  themselves  are  com- 
posed of  long  rods,  short  rods,  and 
cocci.  The  thread*  may  break  up 
into  spiral,  vibrio,  and  spirochieta 
forms.  The  last-named  occur  in 
largo  numbers  in  the  mouth,  and 
have  been  named  Siiirn-'lirrlit  bin:- 
ci'lir.  Leptothrix  buccalia  is  found 
iu  teeth  slime,  and  is  believed 
to  be  intimately  connected  with 
dental  caries.  The  threads  pene- 
trate the  tissue  of  the  teeth,  after 
the  enamel  has  been  acted  upon  by 
acids  generated  by  the  fermentation 
of  food.  The  short  rods,  long  rods, 
cocci,  leptotbtix- forms,  and  screw- 
forms  are  found  in  the  dental 
canals. 

The  threads  of  Laptothris  huc- 
calishave  a  special  staining  reaction 
(Leber).  They  become  coloured  if 
placed  in  an  acid  medium  with 
iodine  ;  if  the  medium  be  alkaline, 
it  must  first  be  acidified  with  very 
dilute  hydrochloric  acid  or  acetic 
acid.  The  contents  are  stained 
violet,  and  contrast  with  the  sheath 
and  septa,  which  remain  uncoloured. 
Leptothrix  bnccalis  (VignsI).— 
Rods  1  to  l■r^  ft  in  width,  MI  to 
30  ^  in  length. 

Colonies  greyish -white,  promi- 
nent and  furrowed. 

Inoculated  in  the  depth  of  gela- 
tine n  filament  forms  in  the  track 


of  the  needle,  and  a  growth  occurs 
on  the  free  surface.  Liquefaction 
sets  in  at  the  upper  part,  forming 
a  cup. shaped  cavity,  and  a  bluish 
skin  floats  upon  the  liquid.  The 
liquefaction  gradually  extends  to 
the  side  of  the  tube,  and  a  deposit 
is  formed  at  the  bottom  of  the 
liquefied  gelatine. 

On  agar  the  layer  is  white, 
wrinkled  aud  transparent,  and  later 
yellowish. 

In  broth  there  is  turbidity,  bul 
no  skin  on  the  surface. 

On  potato  the  growth  is  greyish 

They  ore  occasionally  present 
in  the  month  in  health,  and 
ore  possibly  identical  with  leptc 
thrix  buccalis  (Robin). 

Leptothrix  gigantea  (Miller).- 
Long  rods,  short  rods  and  cocci 
cun  lie  observed  in  the  same  thread. 
There  are  also  screw-threads,  which 
may  take  the  form  of  spirals, 
TibrioB,  orapirochrate.  The  threads 
increase  in  diameter  from  base 
to  apex  ;  corresponding  with  the 
thickness  of  the  threads,  the  rods 
and  cocci  show  difEerent  dimensioDs. 
They  have  been  observed  iu  the 
diseased  teeth  of  dogs,  sheep,  cats 
and  other  animals. 

Leaconoetoc  meEenteroidea, 
Cienkowski  (Gviiime  dt  srvrfrii', 
t'niteliliiMi/'ih,  Friiggiinwu  fwiriiu). 
— Cocci  and  rods  singly,  in  chains, 
tuid  in  zDOglcea,  surrounded  by  a 
thick  gelatinous  envelope.  The  life- 
history  has  been  very  thoroughly 
iuvestigated.  The  spores,  t'8  to 
'1  n  in  diam.,  are  of  a  round  or 
ellipsoidol  form,  with  thick  mem- 
brane and  shining  contents.  The 
outer  membrane- layer  bursts,  and  a 
middle  lamella  ooze.i  out,  and  fomu 
a  thick  gelatinous  envelope,  while 
the  inner  layer  remains  adherent 
to  the  plasma.  Thus  the  spore- 
germination  leads  to  the  formation 
of  a  coccus  with  a  gelatinons  en- 
velope. The  coccus  then  elongates 
into  a  «hort  rod-form,  and  the 
gelatinous  envelope  becomes  ellip- 
soidal. The  rod  divides  into  two 
cocci,  and  each  of  these  lengthens 
intoarodanddividep.    By  repetition 
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of  this  procew  a  chnin  of  cocci 
results,  encased  in  a  cylindrical 
or  ellipsoidal  envelope.  Tbe  chains 
increaBB  in  length,  become  twisted 
lip.  and  eventually  fall  apart  into 
pieces  of  various  lengths. 

In  noarlKhing  liquids  a  great 
n amber  of  little  maases  arc  formed, 
which  adbere  together,  and  produce 
pseudo-parencbyraatous  atructures. 
These  latter  may  join  together, 
forming  )itill  larger  agglomerations. 


This  micro-organism  occurs  occa- 
aiuDftlly  in  beet-root  juice  oud  the 
molasses  o£  sugiir-makers,  forming 

frog-spnirn.  The  vegetation  is  ao 
rapid  that  forty-nine  hectolitres  of 
molasses,  containing  II)  per  cent. 
of  sugar,  were  converted  within 
twelve  bourit  into  a  gelatinous 
mass  ;  consequently,  it  is  a  for- 
midable enemy  of  ^e  sugar  mann- 
facturers. 


9.    Cooci   chains  wici 


19  envelope.    .1,  i,  5,  i6. 

.  _    „ S.  Seotion  Qf  au  old 

arthroaporea  (TieBheiu   andjCien- 


The    masses   of    soogliBB    are    of 

almost  a  cartilaginous  consistency, 
and  admit  of  sections  being  made 
with  a  razor.  After  a  long  time 
the  envelope  liqnohes,  and  the  cocci 
are  sot  free  ;  tbe  latter  introduced 
into  fresh  nourishing  media  develop 
new  colonies.  In  the  chains  some 
of  the  cocci  become  enlai^ed  with- 
out changing  their  form.  These 
acquire   the   properties   of   spore*, 


'■•■Ihi-. 


KlcTOCOccns    acidi  lactici 

(Marpmann). — Lnt^e  cocci,  singly 
and  in  pairs. 

Colonies  yellowish- white. 

On  the  surface  of  gelatiue  the 
cocci  produce  a  yellow  layer. 

They  grow  in  milk,  prodndng  a 
reddish  colour,  and  coagulation  dne 
to  the  formation  of  lactic  acid. 

Tliey  were  Liolated  from  milk. 

Kicrococcna  acidi  lactici  liqoe- 
fitciens  {Kreuger). — Cocci  oval,   I 
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to  1*5  fi  in  diam.,  in  pairs  and  in 
tetrads. 

Colonies  white. 

Inoculated  in  the  depth  of  gela- 
tine the  cocci  produce  a  granular 
filament,  changing  in  two  or  three 
days  to  liquefaction  in  the  form  of 
a  funnel ;  later,  a  wrinkled  mem- 
brane floats  on  the  surface  of  the 
liquid. 

In  milk  they  produce  lactic  acid. 

They  were  isolated  from  butter 
which  had  turned  cheesy. 

Micrococcus  aerogenes  (Miller). 

— Oval  cocci. 

Colonies  are  dark  and  regular  in 
contour,  but  have  a  peculiar  spotted 
appearance. 

Inoculated  in  the  depth  of  gela- 
tine a  brownish-yellow  growth 
occurs  along  the  track  of  the  needle, 
and  on  the  free  surface  a  white 
button-like  elevation.  After  a  time 
the  gelatine  is  slowly  liquefied. 

On  agar  a  yellowish- white  pulpy 
layer  forms,  and  a  similar  growth 
appears  on  potato. 

They  resist  the  action  of  acids,  so 
that  the  presence  of  gastric  juice 
does  not  impede  their  develop- 
ment. 

They  were  obtained  from  the 
intestme. 

MicrococctiB  agilis  (Ali-Cohen). 
— Cocci  1  M  in  diam.,  singly,  in 
pairs,  tetrads,  and  in  chains.  They 
are  motile,  and  possess  fiagella. 

Inoculated  in  the  depth  of  gela- 
tine they  grow  in  the  track  of  the 
needle,  and  produce,  after  two  or 
three  weeks,  liquefaction  or  excava- 
tion of  the  jelly. 

On  agar  and  potato  the  growth 
is  pink. 

They  occur  in  water. 

Micrococcus  agilis  citrens 

(Menge). — Cocci  in  pairs,  chains 
and  masses.  They  are  motile,  and 
each  coccus  possesses  a  single  fla- 
gellum. 

Colonies  appear  surrounded  by 
clouded  gelatine. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  scanty  growth  in  the 
track  of  the  needle,  and  on  the  sur- 
face a  bright  yellow  patch. 

On  agar  they  form  a  yellow  layer, 


which  is  viscid,  and  may  be  drawn 
out  in  long  threads. 

In  broth  they  produce  cloudiness 
and  a  viscous  deposit. 

The  growth  on  potato  is  bright 
yellow. 

Milk  is  not  coagulated. 

They  were  isolated  from  an  in- 
fusion of  peas. 

Micrococcus  albus  liquefaciens 

(Besser). — Large  cocci  in  chains  and 
in  masses.     They  are  anaerobic. 

Colonies  on  agar  exhibit  concen- 
tric rings  of  different  shades  of 
brown. 

Inoculated  in  the  depth  of  gela- 
tine they  produce  liquefaction  in 
the  track  of  the  needle. 

They  occur  in  mucus  from  the 
nose. 

Micrococcus  amylivorus  (Bur- 
rill). — Oval  cocci,  1  to  1*4  ^  long, 
•7  /I  broad,  singly,  in  pairs,  and  rarely 
in  fours,  never  in  chains,  are  found 
embedded  in  an  abundant  mucilage 
which  is  very  soluble  in  water. 

They  have  been  described  as  pro- 
ducing the  so-called  "  fire  blight " 
of  the  pear  tree  and  other  plants. 

Micrococcus  aquatilis  (Bolton). 
— Small  cocci  in  masses. 

Colonies  circular,  prominent,  and 
pure-white. 

Inoculated  in  the  depth  of  gela- 
tine, there  is  a  white  growth  in  the 
track  of  the  needle  and  also  on  the 
free  surface. 

On  agar  the  growth  is  white. 

They  occur  in  water. 

Micrococcus  aquatilis  invisi- 
bills  (Vaughan). — Cocci  oval. 

Colonies  brown. 

In  gelatine  there  is  a  slight 
growth  in  the  track  of  the  needle, 
and  a  more  abundant  growth  on 
the  free  surface. 

On  agar  they  form  a  white  film. 

On  potato  the  growth  is  in- 
visible. 

They  occur  in  water. 

Micrococcus   aurantiacus 

(Cohn). — Cocci  spherical  or  oval, 
1*3  to  1'5  /i  in  diam.,  singly,  in  pairs, 
and  in  groups. 

Colonies  orange-yellow. 

Inoculated  in  gelatine  they  form 
minute  colonies  in  the  track  of  the 
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□eedle,  and  n  prominent  hemi- 
spherical yellow  growth  on  the  free 
onrface. 

On  ugar  tbe  growth  is  orange- 
jeUow,  and  on  potato  yellow  and 
slimy. 

They  occur  in  wtiter. 

Hiciococcns  botryogesuB 

(Johne,  Habe).— Cocci  I  to  1  5  ^  in 
diam.,  in  wavy  cbainB. 

Colonies  circular,  eliBrply  defined. 
At  tirst  silver-grey,  later  yellowish- 
grey  with  metallic  lustre,  they 
pn>duce  an  odour  like  that  of 
BtrawberricB. 

Inoculated  in  the  depth  of  gela- 
tine a  greyish-white  filament  de- 
velops, with  alight  liquefaction  of 
tbe  gelatine ;  later,  it  becomes 
milk-white,  and  at  its  upper  part  a 
characteriatic  bubble  appearu. 

They  make  hardly  auy  growth 
on  agar, 

("In  potato  they  gfow  very  abun- 
dantly, forming  u  yellowish  layer 
with  the  same  odour  aa  the  colonies 
on  plate  cultivations. 

Inoculated  guinea-pig«  die  of 
septicemia :  in  sheep  and  goats 
severe  inflammation  apreads  from 
the  point  of  inoculation.     Mice  are 

tory  oedema  is  at  first  set  up, 
followed  in  four  to  aix  weeks  by 
the  formation  of  new  growths, 
which  sometimes  suppurate  and 
contain  large    numbers   of  micro- 

They  were  found  in  tumours  of 
the  spermatic  cord  and  of  the 
connective  tissue  in  other  parts  in 
horses. 

Uicrococcns  caudicans 
(PlUgge). — Cocci    which   collect   in 

In  pi  ate- cultivation  a  they  form 
in  two  or  three  days  milk-wbite 
colonies ;  while  those  below  the 
surface  of  the  gelatine  are  yellow- 
ish. Under  a  low  power  the  deep 
oolonies  are  quite  circular,  with 
smooth  margins,  of  a  bluckish-brown 
colour,  and  Very  slightly  granular  ; 
the  superficial  colonies  are  quite 
irregular  in  outline,  and  are  finely 
granular. 

Cultivated  in  test-tubes  they  form 


B  white  nail-shaped  cultivation. 
They  were  isolated  from  contaiui- 
nAt«d  plate-cultivationB. 

They  ocour  in  the  air. 

HicTococcuB  Candidas  (Cohn). — 
Cocci  forming  snow-white  points 
and   spots    upon    slices   of   cooked 

Hicrococcna  carnens  (Zimmer- 

ring  in  masses. 

Colonies  circular,  greyish- wbite, 
with  tbe  centre  tinged  with  red. 

Inoculated  iu  the  depth  of  gela- 
tine they  form  a  white,  granular 
filament  in  the  track  of  the  needle, 
and  a  pale  pink  layer  on  the  free 
surface. 

On  the  surface  of  oblique  gela- 
tine a  flesh-coloured  layer  develops, 
which  later  assumes  a  violet  colour. 

On  agar  the  growth  is  similar. 

On  potato  the  growth  is  abundant 
and  red  in  colour. 

They  were  isoliited  from  wat«r. 

Hicracoccas  ceraBinus  siccus 
(List). — Cocci  -2.0  to  'li  fi  in  diam.. 
singly  and  in  pairs.  They  can  beat 
be  cultivated  at  37°  C. 

(,)n  agar  they  form  a  cherry-red 
layer,   and    a    similar    growth    on 

Tbe  pigment  is  Insoluble  in  alco- 
hol, ether,  and  water,  and  is  not 
destroyed  by  adds  or  alkalies. 

They  occur  in  water. 

Uicrococcns  cerens  albna 
(p.  178J. 

Uicrococcns  cereus  flavas 

(p.    17M). 

Uicrococcns   cinnabareas 

(Fiiigge).— Large  cocci  occurring  in 
twos,  threes,  and  fours. 

Colonies  devehip  very  slowly,  and 
are  punctiform,  and  bright  red  at 
first,  and  afterwards  reddish- brown. 

The  cocci  inoculated  on  the  sur- 
face of  gelatine  form  a  beaped-up. 
red-colonred  growth. 

They  were  found  contaminating 
old  cultivations. 

Uicrococcns  citrens  (List).— 
Cocci  1*5  to  2'2  n  in  diam,,  singly. 
in  pairs  aud  chains. 

Colonies  are  irregular  in  form, 
moist  and  shining,  aud  yellowish  in 
colour. 
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In  the  depth  of  gelatine  the 
growth  is  very  scanty. 

On  the  surface  of  agar  the  growth 
is  yellowish. 

On  potato  the  growth  is  similar 
but  more  abundant. 

Micrococcus  concentricus 
(Zimmermann). — Cocci  '9fxin  diam., 
in  masses. 

Colonies  bluish-grey. 

Inoculated  in  the  depth  of  gela- 
tine there  is  no  growth  in  the  track 
of  the  needle,  but  concentric  rings 
form  on  the  free  surface. 

On  agar  the  growth  is  greyish- 
white  and  smooth. 

On  potato  yellowish  and  slimy. 

They  occur  in  water. 

Micrococcns  cremoides  (Zim- 
mermann).— Cocci  '8  fi  in  diam., 
occurring  in  masses. 

Colonies  are  spherical,  granular 
and  yellowish.  The  margins  are 
dentated  or  irregular,  and  processes 
extend  into  the  surrounding  gelatine. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  occurs  in  the 
track  of  the  needle  in  a  few  days. 
A  yellow  growth  floats  on  the 
liquefied  gelatine,  and  a  yellowish 
mass  subsides  to  the  bottom  of  the 
liquid. 

On  agar  a  smooth  shining  layer 
is  formed,  and  on  potato  the  growth 
is  abundant. 

They  occur  in  water. 

Micrococcus  crepusculnm 

(Cohn.  Manas  crepusculum,  Ehren- 
berg.  Mikrohokkeii  in  faulenden 
Substraten,  Fltigge). — Round  or 
short  oval  cells,  scarcely  2  /x  in 
diam.  ;  singly  or  in  zooglcea. 

They  occur  in  various  infusions 
and  putrefying  fluids  in  company 
with  Bacterium  termo. 

Micrococcus  cmnulatas  tenuis 

(Besser). — Large  cocci,  oval  ;  in 
masses. 

Colonies  on  agar  have  a  brown 
nucleus. 

Inoculated  in  the  depth  of  gela- 
tine they  form  a  white  fllament, 
and  on  the  surface  a  transparent 
laver. 

In  broth  there  is  an  abundant 
deposit,  and  the  supernatant  liquid 
is  clear. 


They  occur  in  mucus  from  the 
nose. 
Micrococcus  endocarditidis  ru- 

gatus  (Weichselbaum). — Cocci  re- 
sembling pyogenic  staphylococci. 

Colonies  have  a  brown  or  yellow- 
ish-brown nucleus. 

In  the  depth  of  agar  there  is  a 
slight  growth  in  the  track  of  the 
needle,  and  a  wrinkled,  waxy  layer 
on  the  surface. 

On  potato  the  growth  is  dry  and 
brownish. 

On  blood  seram  the  growth  is 
colourless  and  adherent. 

In  jectedsubcutaneously,  they  pro- 
duce, in  rabbits,  local  swelling  and 
redness,  and  suppuration  in  guinea- 
pi^.  Injected  into  the  veins  after 
injury  to  the  aortic  valves,  they 
produce  endocarditis. 

They  were  isolated  from  a  case 
of  ulcerative  endocarditis. 

Micrococcus  fervidosus  (Ada- 

metz). — Cocci  '6  /i  in  diam.,  in  pairs 
and  in  masses. 

The  deep  colonies  a;*e  pale-yellow, 
and  look  like  watery  droplets  ;  but 
superficial  colonies  are  granular  and 
irregular  with  jagged  edges. 

Inoculated  in  the  depth  of  gela- 
tine a  granular  filament  develops  in 
the  track  of  the  needle,  and  on  the 
surface  a  circular  patch  with  den- 
tated margin. 

On  agar  the  growth  is  white  and 
slimy,  and  on  potato  greyish - 
white. 

They  occur  in  water. 

Micrococcus   Finlayensis 

(Sternberg). — Cocci  o  to  '1  fi  in 
diam.,  singly,  in  pairs,  tetrads,  and 
in  masses. 

In  the  depth  of  gelatine  they 
produce  a  growth  in  the  track  of 
the  needle,  with  liquefaction  at 
the  upper  port  with  a  pale-yellow 
deposit. 

On  agar  the  growth  is  pale-yellow. 

They  were  isolated  from  the  liver 
in  a  fatal  case  of  yellow  fever. 

Micrococcus  flavus  desidens 
(Flllgge). — Cocci  singly,  in  pairs, 
or  clmins  of  a  few  elements. 

Colonies  yellowish-white. 

Inoculated  m  the  depth  of  gela- 
tine they  grow  along  the  track  of 
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Lgt«r  liq  lief  action  teta  in.  and  a 
depont  forms  nt  the  bottom  of  tlie 
torbid  liquid. 

Tbey  occur  in  xir  and  in  water. 

Kicrococcns  flarns  liqne- 

faciena  (Fltlgge).— Cocci  moBtly  in 
twos  and  threes,  nlao  in  mHSBOt. 

Small  yellow  colonies  appear  aftor 
two  or  three  days,  wljich  have  a 
ahallow  depressed  zone  anrrounding 
them.  Under  a  low  power  they 
are  granular  and  yollowiiih-brown, 
with  lines  radiating  from  the  centre 
to  the  circumference.  Later  they 
liquefy  the  gelutioe.  and  coalesce. 

Inoculated  in  the  depth  of  gelatine 
the  cocci  produce  spherical  yellow 
colonies  in  two  days  along  the  track 
of  the  needle.  These  hecome  con- 
fluent, and  at  the  end  of  eight  days 
the  whole  of  the  jelly  has  becorae 
liquid  ;  later  the  upper  part  becomea 
clear,  and  a  yellow  mass  subsideB  to 
the  bottom  of  the  tube. 

They  occur  in  air  and  in  water. 

Hicrocoocas  flaviu  tardi^a- 

das  (Fliigge).— Large  cocci  showing 
at  times  peculiar  dark  [Kilea  ;  gener- 
ally arranged  in  ma»ses. 

Colonies  develop  slowly :  the 
superficial  ones  have  a  smooth  wax- 
like  surbce  with  projecting  centre  ; 
those  below  the  surface  are  of  a 
dark  chrome-yellow  colour,  and  are 
round  or  oval. 

Inoculated  in  gelatine  the  cocci 
develop  slowly  along  the  track  of 
tbe  n^dle.  forming  small  isolated 
colonies  ;  the  gelatine  is  not 
liquelied. 

They  occur  in  nir  and  in  water. 

HicrococcuBfatidUB*  Klamann). 
— Cocci  singly,  in  paii-s,  and  short 
chains  and  ma^ises. 

Colonies  circular  or  oval,  white. 

Inoculated  in  the  depth  of  geb- 
tine  a  pure  white,  shining  growth 
forms  in  concentric  circles  at  the 
point  of  puncture,  and  develops  a 
brownish  colour  :  and  liquefaction 
occurs  after  a  time,  and  extends 
along  the  needle  truck. 

A  white  layer  spreads  over  the 
surface  of  agar. 


On  ]>otato  the  growth  is  slimy 
and  grey  in  colour,  with  a  red  tinee. 

Cultures  produce  an  odour  l&e 
that  of  oziena. 

They    were    isolated    from     tha 

Micrococcus  fcetidne  (Rosen- 
bach). — Small  oval  cocci. 

Cultivated  in  agar-agar  tb^ 
develop  gas-bubbles  and  a  f<»tra 
odour.  They  were  isolated  £rota  | 
canous  teeth. 

Uicrococcas  Frendenreiclu 
(Guilleheau). — Largo  cocci,  singly 
and  in  chains. 

Colonies  are  granular  and  puncti- 

In  bi-oth  turbidity  is  produced, 
and,  later,  a  flocculect  deposit. 

On  potato  a  shining  film  develops, 
yellowish    or    brownish-yellow 
colour. 

In  milk  the  cultures  become 
viscous,  and  can  be  drawn  out  into 
threads  aevural  yards  in  length. 

They  were  isolated  from  milk 
with  viscous  fermentation. 

MicrococcoB  foscus  (Uaschek). 
—Cocci  oval. 

Colonies  pale-brown  or  black. 

Inoculated  in  the  depth  of  geU 
tine  there  is  a  slight  growth  uoDg    , 
the  track  of  the  needle,  and  a  brown 
layer  forms  on  the  surface  followed 
by  liquefaction. 

On  potato  the  growth  is  brown 
or  brownish -hi  nek  and  slimy. 

Cultures  give  olf  an  odour  of 
putrefaction. 

They  occur  in  water. 

BticTococciu  gingive  pyogenes 
(Miller], — Large  cocci,  singly  And 

Colonies  spherical,  with  sharp 
contours, 

Inoonlated  in  the  depth  of  gela- 
tine there  is  an  abundant  growth 
along  the  track  of  the  neecQe  and 
on  the  free  surface. 

On  agar  a  thick  film  develona, 
with  a  fiiint  tinge  of  purple  oy 
transmitted  light. 

Injected  into  micesubcutaneously 
they  produce  local  suppuration,  and 
sometimes  death.  Injected  into 
the  peritoneal  cavity  they  prodnoe 
peritonitis  and  death. 


DESCRIPTION   OF  SPECIES. 


555 


They  were  isolated  from  an 
abscess  of  the  gums. 

Micrococcus    gonorrhoBS 

(p.  190). 

Micrococcus    havaniensis 

(Sternberg). — Cocci  4*5  /i  in  diam. 

The  colonies  are  circular  and  of 
a  blood-red  colour. 

The  cocci  inoculated  in  the  depth 
of  gelatine  produce  a  colourless 
growth  in  the  track  of  the  needle 
and  a  carmine  patch  on  the  surface. 

On  agar  and  on  potato  they  form 
a  thick  irregular  carmine  layer. 

Micrococcus  in  Biskra-button 

(Heydenreich). — Cocci  in  pairs, 
'86  to  1  /i  in  length,  occasionally 
tetrads  ;  capsulated. 

Inoculated  in  the  depth  of  gela- 
tine they  form  a  greyish-white  fila- 
ment composed  of  closely  packed 
colonies,  and  a  yellowish- white  film 
on  the  free  surface.  Liquefaction 
commences  at  the  upper  part  of  the 
needle  track  in  a  few  days,  forming 
a  funnel  which  extends  until,  in 
two  weeks,  the  gelatine  is  com- 
pletely liquefied. 

On  the  surface  of  agar  a  shining 
white  or  yellowish-white  layer  de- 
velops in  twenty-four  hours. 

On  potato  the  growth  is  similar. 

Inoculations  are  said  to  produce 
in  rabbits,  dogs,  fowls,  sheep  and 
horses  a  morbid  condition  of  the 
skin  similar  to  the  disease  known  as 
Biskra-button  or  Pendjeh  sore.  In 
man  they  produce  suppuration  when 
rubbed  on  the  skin. 

They  were  isolated  from  the 
disease  known  as  Pendjeh  sore, 
Biskra-button  or  clou  de  Bhkni. 

Micrococcus  in  gan^enous 
mastitis  in  sheep.— Cocci  singly, 
in  pairs,  and  in  masses. 

Colonies  are  spherical,  white,  and 
under  a  low  power  have  a  brown 
nucleus  and  transparent  margin. 

The  cocci  inoculated  in  the  depth 
of  gelatine  produce  a  oonical  area 
of  liquefied  jelly  with  a  copious 
white  deposit. 

On  agar  they  produce  a  white 
layer,  which  later  turns  yellowish 
in  colour. 

On  potato  they  form  a  greyish 
growth. 


Injected  into  the  mamary  gland 
of  sheep  they  produce  inflammatory 
oedema,  and  a  fatal  result  in 
twenty-four  to  forty-eight  hours. 

In  rabbits  they  are  pyogenic. 

They  were  isolated  from  the  milk 
in  cases  of  gangrenous  mastitis  in 
sheep. 

Micrococcus  in  infectious 
pi  euro-pneumonia   (Poels  and 

Nolen)— p.  242. 

Micrococcus  in  influenza  (Fis- 

chel). — Cocci  from  1  to  1  25  /i  in 
diam.,  singly,  in  pairs,  and  chains. 

Extremely  minute  colonies  appear 
in  three  days. 

Inoculated  in  the  depth  of  gela- 
tine a  milk-white  filament  forms 
along  the  trackof  the  needle.  Lique- 
faction commences  in  four  days 
at  the  upper  part,  and  extends 
slowly. 

On  agar  the  colonies  are  pure- 
white. 

On  potato  the  growth  is  yellowish- 
white. 

They  do  not  grow  on  blood  serum 
or  in  milk. 

Intravenous  injection  in  dogs  is 
said  to  produce  symptoms  like 
distemper. 

They  were  obtained  from  the 
blood  in  cases  of  influenza. 

Micrococcus      in      influenza 

(Kirchner). — Cocci  in  pairs  and 
chains  ;  capsulated.  They  grow  at 
37^  C. 

The  colonies  are  transparent, 
whitish. 

On  the  surface  of  agar  there  is 
an  abundant  growth,  but  it  is 
limited  in  the  depth  of  the  jelly. 

Inoculation  experiments  were 
inconclusive. 

They  were  obtained  from  the 
sputum  in  cases  of  influenza. 

Micrococcus  in  pemphigus 

(Almquist). — Cocci  '5  to  1  /ut  in 
diam.,  singly  and  in  pairs  ;  identi- 
cal with  Staphylococcus  pyogenes 
aureus. 

The  cocci  vaccinated  on  the  arm 
are  said  to  have  produced  bullae. 

They  were  isolated  from  pem- 
phigoid bullse  in  children. 

Micrococcus  in  pemphig^ 
(Demme).— Cocci    8    to   1*4  /x  in 
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diam.,  singly,  in  pairs,  and  io 
ma>ii«H.  They  can  be  CQltivated 
at  37°  C. 

The  colonieB  on  agar  ate  milk- 
white  and  prominent.  Later,  olT- 
Rhoots  occur  from  the  margiti. 
producing  a  rowtted  appearance. 

Inoculated  in  the  depth  of 
gelatine  the  cocci  form  clubbed  or 
stalactitic  out-groirtha  from  the 
filament  which  develops  in  the 
track  of  the  needle. 

On  the  Rurf  ace  of  agar  a  creamy 
layer  is  formed  with  similar  ofl- 

Injected  into  the  lungR  of  guinea- 
pigs  they  are  raid  to  produce 
broncho-pneumonia. 

They  were  obtained  from  the 
bulls;  in  acute  pemphigus. 

Micrococcoa  in  pnemnonia 
(Manfredi).— Oval  cocci  -fi  to  1  p 
iu  width,  I  to  l','i/i  in  length,  singly, 
in  pairs,  and  short  chains. 

Colonies  on  gelatine  are  circular, 
whitish,  and  later  spread  out  and 
become  bluish  by  transmitted  light, 
and  of  a  pearly  lustre  by  reSected 
light. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  limited  growth  aloDg 
the  track  of  the  needle. 

On  blood  serum  tbey  form  a 
shining,  granular,  faintly  greenish- 
yellow  layer.  ) 

They  nUo  can  lie  cultivated  on  i 
giotato  and  in  broth.  | 

They  are  pathogenic  in  dogs,  i 
rabbitx,  guinea-pigs,  mice  and  liirds.  ! 
Birds  die  in  a  few  days  ;  mammals  i 
in  from  one  to  three  weeks.  After  I 
death  new  grcwthe  composed  of  . 
granulation  ti"Knc  are  found  in  the  I 
internnl  or^aiix,  varying  in  size  | 
from  a  millet  seed  to  a  ]\cn.  They  i 
were  olitaincd  from  the  sputum  of  I 
pneumonia  couipli fating  measlts. 

UicrococcuB    in    progresBive 
abscesB    formation    in    rabbits 
(Koch).     Cocci  only  about 'l/i  fi  in   , 
diam,.  priacipally  in  thick  zooglii^a. 
The  disease  y.an  induced  by  thu  in- 
jection into  rabbits  of  decomponing 
lilooil.     At  the  place  of  injection  a 
spreadingab.scess formed,  which  was   ' 
fiitnl  to  the  iinimal  in  about  twelve   I 
days.     No   bacteria  were  observed 


in  the  blood,  but  in  the  walls  of  the 
abscess  thick  masses  of  cocci  were 
found.  The  pus  is  infectious, 
causing  the  same  disease  in  healthy 

Uicrococciu  in  pyemia  in 
rabbita  (Koch). — Round  cocci  and 

diptococci  '25  ^  in  diam. 

The  disease  was  produced  by  the 
subcutaneous  injection,  in  a  rabbit, 
of  distilled  water  in  which  the  skin 
of  a  mouse  had  been  macerated. 
At  the  antojwy  there  were  found 
great  in61tration  around  the  sit«  of 
injection,  peritonitis,  and  accumu- 
lations in  the  liver  and  Innga  ;  in 
short,  the  appearances  of  pynmia. 


Fin.   220.-MK 


'I,  Nuclei  of  thf  vawular  w*ll ; 
<-,  MiuBuw  of  miircici«i;i  adherent 
til  tlin  wall  aii<l  i-ricloHinir  blooii- 
i.ir,„i«,U.«  (KiKli). 

In    the  capillaries  of    the  organs 

obiwrved  enclosing  lilood-corpuscles. 
Fresh  inoculations  in  rabbits  with 
exudation-fluid,  or  blood  from  the 
heart,  reproduced  the  Kamc  disease. 

Hicrococcaa  in  aepticfemia  in 

rabbits.— Ellipsoidal  cocci  -8  to  1 
li  in  largest  diam.  The  disease 
was  produced  by  the  injection  of 
putrid  meat  infusion.  After  death 
slight  (udema  was  noted  at  the  site 
(if  injection,  slight  extravasation  of 
blood,  and  great  enlargement  of 
tlie  spleen.  No  emboli  or  peri- 
tonitis re*ulted,  MasseB  of  coed 
were   found   in   the    capillarieH   of 
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different  organs,  especially  in  ttte 
glomeruli  of  the  kidneys.  Rabbits 
and  mice  inoculated  with  blood 
from  the  heart  proved  susceptible 
to  the  disease. 

Micrococcus  in  sy^f^hilis  (Disse 
and  Taguchi). — Cocci  and  diplo- 
cocci. 

They  produce  a  greyish-white 
gro^fth  in  nutrient  media. 

They  are  said  to  produce  inflam- 
matory changes  in  the  internal 
organs  and  disease  of  the  blood- 
vessels when  inoculated  in  dogs, 
rabbits  and  sheep. 

They  were  obtained  from  the 
blood  in  cases  of  syphilis. 

Micrococcus      in      trachoma 

(p.  190). 

Micrococcus  in  yellow  fever 

(p.  260). 

Micrococcus    lactis    viscosus 

(Conn). — Cocci  in  pairs  and  chains. 

Colonies  circular  and  granular. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  begins  at  the  upper 
part  oi  the  needle  track,  and  extends 
until  the  gelatine  is  completely 
liquefied.  The  liquefied  gelatine  is 
viscous,  and  may  be  drawn  out  in 
long  threads. 

On  the  surface  of  agar  they  form 
a  white,  shining  layer. 

In  broth  there  is  an  abundant 
growth,  and  a  film  on  the  surface. 

They  coagulate  milk,  producing 
butyric  acid,  and  giving  it  a  bitter 
taste.  They  were  obtained  from 
bitter  cream. 

Micrococcus  luteus  (Cohn).— 

Oval  cocci  1  to  1*2  fi  in  diam. 

Colonies  yellow,  with  irregular 
contours,  and  granular. 

Inoculated  in  the  depth  of  gela- 
tine a  granular  filament  develops  in 
the  track  of  the  needle,  and  on  the 
free  surface  a  yellow  patch. 

On  agar  the  growth  is  slimy  and 
yellow. 

On  potato  the  growth  is  yellow, 
and  after  a  time  wrinkled. 

The  pigment  is  insoluble  in  water, 
ether  and  alcohol,  and  not  destroyed 
by  acids  or  alkalies. 

They  occur  in  water. 

Micrococcus  luteus  (Schroter). 
— Cocci  similar  in  size  to  the  above, 


eUiptical,  with  highly  refractive  cell 
contents. 

They  form  yellow  drops  of  1  to 
3  mm.  diam.  on  boiled  potato  ;  and 
a  thick,  wrinkled,  yellow  skin  on 
nutrient  liquids. 

The  colouring-matter  is  insoluble 
in  water,  and  unchanged  by  sul- 
phuric acid  or  alkalies. 

Micrococcus    ochroleucus 

(Prove). — Cocci  '6  to  -8  /x  in  diam., 
singly,  in  pairs,  and  short  chains. 

Colonies  minute  and  colourless, 
with  crenated  margin,  from  which, 
later,  processes  extend  into  the  gela- 
tine, while  the  centre  of  the  colony 
becomes  yellow. 

On  the  surface  of  gelatine  a  film 
develops,  which  in  a  few  days  turns 
yellow.  Old  cultures  have  a  pecu- 
liar smell. 

The  yellow  pigment  can  be  ex- 
tracted with  alcohol.  It  is  insoluble 
in  water,  and  decolorised  by  acids. 

They  were  obtained  from  human 
urine. 

Micrococcus    of    Forbes    (p. 

472). 

Micrococcus  plumosus  (Brauti- 

gam). — Cocci  'o  fi  in  diam.,  in 
masses. 

Colonies  yellowish-white. 

Inoculated  in  the  depth  of  gela- 
tine long  delicate  acicular  processes 
shoot  out  from  the  needle  track' 
and  on  the  free  surface. 

On  potato  the  growth  is  similar. 

They  were  isolated  from  water. 

Micrococcus  pneumonise  crou- 

POSS  (p.  236). 

Micrococcus  pyogenes  tenuis 

(Rosenbac h). — Cocci  irregular, 
somewhat  larger  than  staphylococci, 
and  with  much  less  tendency  to 
form  masses.  The  ends  colour 
deeply,  leaving  a  clear  space  in  the 
middle. 

Inoculated  in  the  depth  of  gela- 
tine a  slightly  opaque  growth  is 
formed. 

On  agar  a  thin  deposit  appears 
along  the  needle  track,  which  is 
almost  as  clear  as  glass. 

They  occur  in  the  pus  of  un- 
opened abscesses,  but  not  often,  as 
they  were  found  by  Rosenbach  only 
in  three  out  of  thirty-nine  cases. 
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XiorooDoeu  roMttftoeiu  (Zim- 
mermaun). — Coed '7  tot^indiun., 
ringlj,  and  id  inacaM. 

Oolonies  drcnlar,  whiliab,  or 
grejiBh-yellow. 

InoetUAtsd  in  the  depth  of  gela- 
tine the  growth  a  feiy  scan^  in 
the  inok  of  the  needle,  but 
'    tpreada  over  the  aur&oe  as  a  gny 

On  agar  a  amooth  laver  with  den- 
tated.margin  it  formed. 

On  potato  the  growth  ia  f^tlj 
yellowiah. 

They  oocnr  in  water. 

Kioioooeoiu  rowu  (Eiaen- 
berg). — Good  forming  pink  ookmiea, 
and  a  roae-«(doar«d  gTOwtb  on  the 
mrfeoe  at  antrient  aptr-agar. 

Th^  were  fonnd  in  apntnm  in  a 
ean  m  inflnenaa. 

Koroweou  laliTuiu  i^ti- 
ent  (Bimdi). — Oral  ooooi,  diplo- 
cocei,  in  "*■■■"»  and  tmoll  niiiww  ; 
eaprobted. 

Thej  grow  beat  on  aoid  gelatine, 
or  in  an  atmoephete  of  oarbonio 
add. 

Oolomea  are  small  and  drcnlar, 
witb  an  opaleaoent  centre  and  a 
transparent  margin,  with  sharp! j 
defined  outline.  In  the  iuterior  of 
the  colouieH  there  is  an  appearance 
.of  a  network. 

Inoculated  in  the  depth  of  gela- 
tine the  cocci  fonn  a  delicate  fila- 
ment and  white  dota  on  the  free 

Od  agar  the  cultures  should  be 
made  direct  from  the  blood.  The 
growth  appears  on  the  surface  and 
resembles  den  drops. 

Broth  cultures  remain  clear. 

They  are  fatal  to  mice  in  twenty- 
four  to  seventy-two  hours,  and  to 
rabbits  in  fifteen  to  thirty  days, 
producing  septioemia.  Attenuated 
cultures  are  said  to  give  immunity. 

They  were  found  in  the  saliva  of 
healthy  and  diseased  persona. 

Micrococcna  stellatns  (3fns- 
chek). — Cocci  singly. 

Coloniea  stellate. 

Inoculated  in  the  depth  of  gela- 
tine a  branching  growth  appears  in 
the  track  of  the  needle.  The  jelly 
becomes  brownish. 


On  potato  the  growth  ia  brxt  wn  i  ah- 
yellow  and  shinii^. 

They  oconr  in  water. 

KioTOOOOons  

(Oaffkey). — Cooci  about  1  ^  in 
diam.,  in  tetrads,  and  «amHincl«d 
by  a  hyaline  capaule. 

Colonies  form  in  twen^-fonr  to 
forty-eight  hours  as  smul  whits 
dots,  which  are  finely  granular,  snd 
have  a  vitreous  lustre ;  when  tbM 
reach  the  surface  tbey  form  tfaicuE 
raised  maases. 

Inoonlated  in  the  depth  of  gdk- 
tine  the  coed  form  an  irregnbr 
white  growth,  espedally  in  th» 
npper   part    <d  the   track  of  the 

On  agar  the  oolonies  oconr  along 
the  needle  track,  and  are  white, 
round  and  circumscribed. 

On  potato  they  form  ft  think, 
elimy,  visoons  layer. 

miite  mice  inoculated  with  a 
minute  quantity  of  a  purv-aaltiv^- 
taon  die  in  from  two  to  ten  dftyn, 
and  the  groaps  of  the  oharaoteriatio 
tetrads  may  be  found  in  the  o^ril- 
laries  thro^hout  the  boc^,  amot- 
ally  in  the  spleen,  lung  and  Haaay, 

DoubU  iiifpclinn  can  be  prodnoed 
by  inoculating  a  mouse  with  a 
pure  cultivation  of  Bacillus  ao- 
thracis  two  or  three  days  after 
inoculation  with  Micrococcns  tetra- 
genu9.  On  examination  aft«r 
death,  the  capillaries  of  the  lungs. 
liver  and  kidney  are  filled  with 
both  anthrax  bacilli  and  masses  of 
tetrads  (Plate  V,,  Fig.  .1). 

Sicrococcns  tetragenns 
mobilis  Tentricnli  (Mendoza).— 
Cocci  in  tetrads  ',  capsulated  ; 
motile. 

Colonies  circular,  whitish  and 
granular. 

Inoculated  io  the  depth  of  gela- 
tine they  grow  on  the  free  surface 
only,  and  give  off  a  peculiar  odour. 

They  were  isolated  from  the 
stomach. 

Micrococcus  tetraKenna  anb* 
flams  (Von  Bewer).— Cocci  singly, 
and  in  tetrads. 

They  do  not  grow  on  gelatine. 

Colonies  on  agar  are  brown  and 
irregular  in  contour. 
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Un  the  surface  of  agar  the  oocti 
form  a  greyish-white  band,  which 
turns  brown  at  the  periphery,  and 
later  ia  all  dark  or  orange-yellow. 

Un  potato  the  growth  is  brown. 

Thoy  occur  in  nasal  muciiB. 

Hicrococcos  tetroKeniiB  ver- 
satilis  (Sternberg  and  Finlay).— 
Cocci  varying  in  size  from 'fi  to  V.t 
l>,  in  tetrads  and  irregular  groupH. 

Colonies  are  circular  and  lemon- 
yellow  in  colour. 

Inoculated  in  the  depth  of  gela- 
tine there  is  very  scanty  develop- 
ment along  the  line  of  puncture, 
and  the  gelatine  is  liqnetied  in  the 
form  of  a  cup  near  the  surface. 
At  the  hottom  of  the  liquefied 
gelatine  n  viscid,  pale-yellow  mass 
accumulntea. 

On  the  surface  of  agar  a  thick, 
TJecid,  yellow  layer  is  formed  along 
the  line  of  inoculation,  which  gradu- 
ally eitenda  over  the  entire  sur- 
face. The  colourvaries  from  cream- 
yellow  to  lemon-yellow,  and  the 
surface  is  moist  and  shining. 

On  potato  there  is  a  dimilar 
growth. 

They  were  isolated  from  the 
skin  of  patients  suffering  from 
yellow  fever,  from  mosquitoes  after 
attacking  these  patieotti,  and  from 
the  air. 

Hicrococcng  nreae  liqnefaciens 
(Fhlgge).— Cocci  spherical,  Vl^  to 
2  )i  in  diam.,  singly,  or  in  chains 
of  three  to  ten  elements,  or  in 
irregular  groups. 

Colonies  appear  in  two  days 
as  smalt  whil«  points.  They  have 
sharply  defined  edges  andagranutar 
surface.  The  gelatine  gradually 
liquefies,  and  the  edges  of  the  colo- 
nies become  irregular. 

The  cocci  inocukted  In  the  depth 
of  gelatine  produce  a  continuous 
white  line  along  the  track  of 
the  needle.  Finally,  the  whole  of 
the  gelatine  liquefies,  and  appears 
as  a  whitish-turbid  fluid  with  a 
thick  whitish -yellow  deposit  at  the 
bottom. 

They  were  obtained  from  urine. 

Kicrococcna  versicolor 
(Flii^e),  -Small  cocci,  in  pairs 
and  in  mabses. 


White  colonies  develop  m  twenty- 
four  hours  :  after  I  wo  days  they  lire 
yellowish,  with  sharp  contours  of 
yellowish-green  colour,  and  finely 
granular.  The  superficial  colonies 
form  fiat  deposit*.  'J' ti  mm.  in  sise. 
tncreMing  to  IIJ  nkm,  after  four  or 

On  the  surface  of  gelatine  the 
cocci  form  a  shining  layer  with  a 
greenish  or  bluish  shimmer  like 
mother-of-pearl. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  composed  of 
spherical  yellowish  colonies,  aud 
the  free  surface  they  form  an 


t  film 


They  o. 

Uicroooocas  violaceus  iSchnv- 
terj. — Cocci  or  elliptical  cells,  de- 
scribed as  aniting  into  violet'blue 
gelatinous  spoU,  which  again  onite 
to  form  larger  patche)i. 

The  colonies  on  gelatine  are  violet 
in  colour. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  scanty  in  the 
track  of  the  needle. 

On  the  surface  of  gelatine  they 
form  a  bluish-violet  layer,  and  the 
same  on  agar  and  potato. 

They  were  observed  on  boiled 
potatoes  exposed  to  the  air,  and  are 
also  found  in  water. 

Micrococcus  TiticnloBns  (Katz). 
— Oval  COCCI  1  (1  in  width,  and  \~i  (x 
in  length,  in  masses,  but  without 
formation  of  much  geLitinous  ma- 

The  Buperficint  colonies  are  quite 
different  in  appearance  from  the 
deep  colonies.  From  the  deep 
colonies  fine  bairlike  tendrils  are 
thrown  off  from  a  centre,  forming 
a  very  delicate  and  extensive  net- 
work. The  threads  ate  found  to 
consist  of  zooglcea  masses,  irregular 
in  siie,  arranged  like  striugs  of 
lieads.  The  colonies  which  are  ei- 
posod  to  the  air  form  a  tbin  layer 
of  muddy- white  gelatinous  sub- 
stance, which  rapidly  spreads,  some- 
times sending  out  hairlike  prooeues 
into  the  depth  of  the  gelatine. 

Inoculated  in  the  depth  of  gela- 
tine a  delicate  feather-like  growth 
occurs  along  the  track  of  (be  needle, 
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and  on  the  free  surface  they  pro- 
duce the  appearance  which  has  been 
described  in  colonies.  This  micro- 
organism is  exceedingly  rare.  It 
was  obtained  from  a  contaminated 
culture. 

Monas  Okenii. — Short  cylindrical 
cells,  5  /i  wide,  H  to  15  /i  long,  with 
rounded  ends.  They  exhibit  lively 
movements,  each  end  being  provided 
with  a  flagellum  twice  as  long  as 
the  cell  itself.  They  have  pale-red 
cell-substance,  with  dark  grains. 

They  occur  in  stagnant  water. 

Monas  vinosa.— %ound  or  oval 
cells  of  about  2*5  ^  in  diam.,  often 
united  in  pairs.  Their  motion  is 
slow  and  tremulous,  and  the  cell- 
substance  is  pale-red  with  dark 
grains  interspersed.  Flagella  have 
not  been  observed. 

They  were  found  in  water  with 
decaying  vegetable  matter. 

Monas  w  ariningii.---Cylindrical 
cells,  rounded  at  the  ends,  15  /i  long, 
5  to  8  u  broad.  They  are  possessed 
of  a  nagellum  at  each  end,  and 
exhibit  rapid,  irregular  movements. 
The  cell-substance  is  pale-red,  inter- 
spersed at  the  ends  with  dark-red 
grains. 

Myconostoc  gregarinm  (Cohn). 
— The  threads  are  very  thin,  colour- 
less, unarticulated,  but  fall  apart 
into  short  cylindrical  links  when 
dried. 

They    form    gelatinous    masses, 

10  to  17  fi  in  diam.,  singly  or 
heaped  into  slimy  drops  on  water 
in  which  alga»  are  decomposing. 

Nitromonas  of  Winogradsky.— 

Very  short  rods,  *»♦  to  1  ft  in  width, 

11  to  I'H  ^  in  length.  Singly,  in 
masses,  and  in  very  short  chains. 

They  can  be  cultivated  in  silica-, 
elly. 

They  are  active  agents  of  nitrifi- 
cation. 

They  were  obtained  from  the  soil. 

Fediococcus  acidi  lactici 

(Lindner). — Cocci  •(>  to  1  /i  in  diam., 
singly,  in  pairs,  and  tetrads. 

( 'Olonies  colourless. 

On  the  surface  of  agar  the  cocci 
form  a  colourless  layer. 

On  potato  the  growth  is  almost 
invisible. 


The  cocci  produce  lactic  acid  in 
solutions  containing  sugar. 

They  occur  in  hay  infusion  and 
malt. 

FediococcnB  cerevisi®  (Balcke). 

— Cocci  singly,  in  pairs,  and  tetrads. 

Colonies  at  first  colourless,  later 
yellowish-brown. 

Inoculated  in  the  depth  of  gela- 
tine a  greyish-white  filament 
occurs  in  the  track  of  the  needle, 
and  a  white  layer  on  the  free 
surface. 

On  affar  the  growth  is  transparent 
and  iridescent,  and  on  potato  almost 
invisible. 

They  were  isolated  from  the  air 
of  a  brewery. 

Pnenmobacillus    liquefaciens 
bovis  (p.  242). 
ProteuB    capsulattui   septicus 

(Banti). — Bods  isolated  from  a  case 
of  septicflsmia,  and  identical  with 
Proteus  hominis  capsulatus. 

Proteus    hominis   capsulatus 

(p.  224). 

Proteus  in  gangrene  of  the 

luuff  ^Bab^).— Rods  -8  to  lb  fi 
thick,  irregular  in  form,  and  fila- 
ments with  irregular  enlargements. 

Colonies  whitish  and  transparent, 
with  ramifications  extending  over 
the  gelatine. 

In  the  depth  of  gelatine  a  growth 
occurs  along  the  track  of  the 
needle,  and  a  ramifying  growth  on 
the  free  surface. 

On  agar  the  growth  is  slightly 
yellowish. 

On  potato  the  growth  is  brownish. 

They  are  extremely  pathogenic 
in  mice  and  guinea-pigs. 

They  were  isolated  from  a  case 
of  gangrene  of  the  lung. 

Proteus    microsepticus    (Kar- 

liuski). — Cocci,  rods  and  filaments 
in  morphology,  and  cultures  re- 
sembling Proteus  vulgaris. 

Inoculated  in  the  depth  of  gela- 
tine li(juefaction  occurs  in  the 
track  of  the  needle,  forming  a 
funnel  with  cloudy  contents,  and 
in  a  few  days  the  whole  of  the 
gelatine  is  liquid. 

They  produce  a  general  infection 
in  mice,  and  death  in  twenty-four 
hours,   and    occasionally   death    in 
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rabbits,  and  local  anppuration  in 
guinea-pigB  and  white  nttB. 

They  were  isolated  from  pus  in 
a  fatal  case  of  puerperal  pjiemia. 


concentric  circles,  which  id  time 
Uqaefies  the  medinm.  Similar 
movementa  are  obaerred  in  capenle- 
cnltivationa  as  in  Proteus  vulgaris. 
Thej  were  isolated  from 
putrid  meat  infusion. 

Proteus  septicni 
(Babts).— Bods  -4  /i  in 
width,     and      filamentous 

Colonies  rapidly  liquefy 
the  gelatine. 

Inoculated  in  the  depth 
of  gelatine  the  bacilli  form 
a  turbid  funnel,  or  com- 
pletely liquefy  the  gelatine 
in  twenty-four  hours. 

On  ^ar  the  growth  is 
reticulated. 

On  potato  brownish - 
white. 

Culturea  have  an  un- 
pleasant odour. 

They  are  pathogenic  in 

They  were  isolated  from 
the  organs  in  a  case  of 
human  septictemia. 

Proteiu  snlftireiu  (Lin- 
denborn). — Bode    '8    fi   in 
SwABuiKu     ^dth,  varying  in   length, 
SwiBHiKu    and  long  filaments. 
(Hauhkh),  They  correepend  in  mor- 

phology and  cultures  with 
ProtflOB  mirabilia. — Cocci  '4  ii  \  Proteus  vulgaris. 
to  1)  n.     They  occur  singly  and  in  i       They  prwince  sulphuretted  hy- 
zoogloea,  and  sometimes  m  tetrads,  ;  dnweo  in  cultures. 
pairs,  chains,  or   as   short  rods  in  Tney  were  isolated  from  water. 

twos  resembling  Bacterium  termo —   I       PrOtoTU    TOlgaris    (Hanser). — 


Fig.  222.— Protbus  Mibabius:  Involdtiom  Forus,   x  624  (Haubbb). 

in  fact,  in  all  conceivable  transition  i  Bods  vailing  in  size  ;  some  mea- 

forms.  sure  4  fi  m  length,  and  are  almost 

Cultivated  on  nntrient  gelatine      as  broad  as  long,  aud  others  vary 

they  form  a  thick  whitish  layer  in  |  from  "94  to  125  fi  long  and  -42  to 

36 
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•63   /i    wide.     They   are  actively 
motile. 

Cultivated  on  nutrient  gelatine 
they  convert  it  into  a  turbid,  grey- 
ish-white liquid.  If  cultivate  m 
a  capsule  containing  5  per  cent,  of 
nutrient  gelatine,  a  few  hours  after 
inoculation  the  most  characteristic 
movements  of  the  individual  bacilli 


/•=> 


V/^ 


Fig.   223.— Photkuh    Vuix;ari8,     from 
Surface  of  Nutriknt  Gklati.nk,    x 
(Hauhkr). 


are  observed  on  tlie  surface  of  the 
nutrient  gelatine,  although  at  this 
early  stage  no  superficial  liquefac- 
tion can  be  detected.  Probably  the 
movements  depend  upon  the  exist- 
ence of  a  thin  liquid  layer,  as  they 
are  not  observed  if  the  nutrient 
medium  contains  10  per  cent,  of 
gelatine. 

They  were  isolated  from  putrid 
meat  infusion. 

Frotexis  Zenkeri.— Cocci  -4  /i,  in 
twos  like  Bacterium  termo,  and 
short  rods  1  05  ft  long. 

Cultivated  on  nutrient  gelatine 
no  liquefaction  results,  but  a  thick 
whitish-grey  layer  is  formed.     The 


bacilli  are  motile,  and  the  same 
phenomena  are  observed  on  the 
solid  medium  as  in  Proteus  vulgaris. 
In  cover-glass  impressions  most 
varied  groupings  of  the  bacilli  are 
seen,  and  dso  developmental  and 
involution-forms. 

They  were  isolated  from  putrid 
meat  infusion. 

Pseudo-diphtheritic  bacil- 
lus (p.  336).  #^ 

Fseudo-diplococcus  imeTi- 

monis  (Bonome). — Oval  cocci 
in  pairs  and  short  chains  ;  cap- 
sulated. 

Inoculated  in  the  depth  of 
gelatine  small  colonies  develop 
m  the  track  of  the  needle  in 
twenty-four  hours. 

On  agar  there  is  a  scanty^ 
moist  growth. 

On  potato  an  almost  in- 
vbible  film. 

In  broth  the  cocci  grow- 
rapidly,  and  the  cultures  give 
on  a  peculiar  odour. 

They  produce  septiaemia  in 
mice,  guinea-pigs  and  rabbits. 

This  micro-organism  is 
probably  a  variety  of  the 
pneumococcus. 

They  were  isolated  from  a 
fatal  case  of  cerebro-spinal 
meningitis. 

Bhabdomonas      rosea.  — 

Spindle-form  rods,  3*8  to  5  ft 
broad,  20  to  30  fx  long.  They 
exhibit  slow,  trembling  move- 
ments, having  at  each  end  of 
the  cell  a  flagellum.  The 
cell-substance  is  very  pale,  with 
dark  grains  interspersed. 

They  occur  in  brackish  water. 
S  a  r  c  i  n  a   alba. — Small   cocci. 
They  form  small  white  colonies  on 
nutrient  gelatine. 

Inoculated  in  the  depth  of  gela- 
tine they  grow  slightly  along  the 
needle  track,  but  are  heaped  up  on 
the  surface  without  liquefying  the 
gelatine. 

They  are  present  in  the  air. 
S  a  r  c  i  n  a    aurantiaca. — Cocci 
singly,  in  pairs,  in  tetrads,  and  in 
packets. 

Colonies  orange-yellow. 
Inoculated     in     the     depth     of 
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gelatine  they  slowly  liquefy  it  along 
tlie  whole  needle  track,  and  form 
on  the  surface  nn  ornD^-yellow 
growth.  On  potatoes  they  slowly 
develop  the  aame  pigment. 

Sarcina  oandi^  (Beiuke).— 
Cocci  l;')  to  1'7  fi  in  diam.,  singly, 
in  pairs,  and  in  tetrads, 

l.'olonies  are  circular  and  shining, 
white,  and  later  yellowish. 

Inoculated  in  the  depth  of  gela- 
tine liquefsotion  quickly  takes  place 
along  the  track  of  the  needle. 

On  the  eurfaoe  of  agar  a  white, 
moist  layer  develops. 

They  were  found  in  the  air  of 
breweries. 

Sarcina flava (De  Bary),— Soiall 
t-'Occi  iu  jiacketfl. 

Inoculated  in  the  depth  vt  gela- 
tine they  produce  liquefuction. 

On    agar    they    form    a    yellow 

On  potato  the  growth  is  limited 
and  yellow. 

They  were  isolated  fmai  beer, 

Sarcina  hfalina  (Kutzing).— 
Cocci  ronnd,  2'5  fi  in  diam.,  almost 
colourless.  United  in  fnmiliaa  of 
4  to  24  cells,  reaching  15  /i  iu  diam. 

They  occur  in  marshes, 

Sarcina  istestiiialiB  (Zopf).— 
Cticci  in  grou[ts  of  four  or  eight. 
¥ery  regular  in  form  ;  never  in 
the  large  packets  which  occnr  in 
Sarcina  ventriculi. 

They  are  found  in  the  intestinal 
canal,  especially  the  ciecnm,  of 
poultry,  particularly  fowls  and 
turkeys. 

Saroina  litoralis  (Oersted).— 
Cocci  1-2  to  2  ^  in  diam.,  bound 
together  in  4  to  S  families,  which, 
in  their  tarn,  may  unite  and  in- 
clude as  many  as  Hi  tetrads. 
Plasma  colourless ;  in  each  cell 
I  to  4  snlphur  granules. 

They  were  found  in  sea  water 
containing  putrefying  matter. 

Sarcina  Intca  (SchreUr).— 
Cocci  singly,  in  pairs,  tetrads  and 
packets,  A  single  individual  in  a 
tetrad  may  be  divided  into  two.  or 
into  four,  so  that  a  tetrad  within  a 
tetrad  results. 

Colonies  are  ronnd,  slightly 
granular  in  appearance,  and  yellow. 


Inoculated  ill  the  depth  of 
gelatine  they  grow  rapidly  ;  the 
gelatine  becomes  liquefied,  and  the 
yellow  growth  sinks  to  the  bottom 
of  the  tube. 


88^% 
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Cultivated  in  agar  they  form  a 
colourlestt  growth  along  the  track 
of  the  needle,  and  a  bright  canary- 
yellow  layer  upon  the  surface. 

On   potato   they   form  a   yellow 

They  are  present  in  air. 

Sarcina  mobilis  (Maurea).^ 
Cocci  Vo  n  in  diuoi.,  in  pairs,  and 
in  tetrads.     They  are  motile. 

Colonies,  at  first  white,  become 
brick-red. 

Inoculated  in  the  depth  of  gela- 
tine, there  is,  after  several  days,  a 
slight  growth  along  the  track  of 
the  neecile,  and  a  patch  of  growth 
on  the  free  surface  which  gradually 
turns  red.  In  about  two  weeks 
liquefaction  produces  a  funnel- 
shaped  appearance  :  later  the  lique- 
faction extends  to  the  sides  of  the 
test-tniie. 

In  broth  turbidity  is  produced, 
and  a  yellowish-red  deposit. 

On  agar  the  growth,  at  first  white, 
changes  to  a  brick-red  colour. 

There  is  no  growth  on  potato, 
and  milk  is  not  coikgulated. 

They  were  isolated  from  aacitic 
Huid. 

Sarcina  palmonnm  (Hauser). — 
Cocci  from  I  to  l",'.  j,  in  dian.,,  in 
tetrads  and  packets. 

Colonies  white  nnd  small,  Tbey 
are  coarsely  granular. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  is  scanty  in  the 
track  of  the  needle,  but  on  the  free 
surface  there  is  a  circular,  well- 
defined,  translucent  patch,  which 
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later  becomes  greyish -browD,  shin-  ' 
iDg,  wrinkled  and  irregular. 

On  potato  the  growth  is  very 
slight  and  limited. 

They  cause  ammoniacal  decom- 
position of  urine. 

They  were  isolated  from  phthisi- 
cal sputum. 

Sarcina  Beitenbachii  (Caspary). 
— Cocci  about  1*5  to  2*5  /i  in  diam., 
at  the  time  of  division  lengthened 
to  4  /i.  Mostly  united  together 
from  4  to  8  in  number ;  occasion- 
ally 16  or  more.  Colourless  cell- 
wall,  lined  with  rose-red  layer  of 
plasma. 

They  were  found  on  rotting 
water-plants. 

Sarcina  rosea  (Schroter).— 
Large  cocci,  in  packets. 

Inoculated  in  the  depth  of  gela- 
tine, liquefaction  quickly  takes 
place,  and  cultures  after  a  time 
have  a  reddish  colour. 

On  agar  the  growth  is  slow  and 
limited. 

On  potato  the  growth  is  abundant 
and  of  a  bright-red  colour. 

In  broth  they  produce  turbidity, 
and  a  red  deposit. 

They  occur  in  the  air. 

SarcmaurillflB  ( Welcker).— Very 
small  cocci,  12  ft  in  diam.,  united 
in  families  of  8  to  64.  They  were 
•observed  in  urine. 

Sarcina  ventricnli  (Goodsir).— 

Cocci  reaching  4  /x  in  diam.,  united 
in  groups  of  four,  or  multiples  of 
four,  producing  cubes  or  packets 
with  rounded-off  corners.  Contents 
of  the  cells  are  greenish  or  yellow- 
ish-red. 

Colonies  are  round  and  yellowish. 

A  yellowish  growth  forms  on  the 
surface  of  oblique  gelatine  without 
liquefaction. 

On  potato  they  form  a  yellow 
growth,  and  on  serum  also. 

They  grow  well  in  hay-infusion, 
forming  brownish  scales  and  a  simi- 
larly-coloured deposit. 

They  occur  in  the  stomach  of  man 
and  animals  in  health  and  disease, 
and  were  first  detected  in  vomit. 

SphsBrotiluB  natans.— Cells  4  to 

9  /i  long,  and  8  /i  thick,  united  in 
a  gelatinous  sheath  to  form  threads. 


The  cells  comprise  rods  and  cocci- 
forms  ;  the  cocci  are  set  free,  and 
develop  into  rods,  which  again  form 
threads.  In  the  last  a  false  branch- 
ing has  been  observed.  The  plasma 
of  the  cells  break  up  into  minute, 
strongly-refractive  portions,  which 
develop  into  round  spores,  at  first 
of  a  red  and  afterwards  a  brown 
colour. 

They  occur  in  stagnant  and  flow- 
ing water  contaminated  with  or- 
ganic matter,  and  form  floating 
flakes  of  a  white,  yellow,  rust-red, 
or  yellow-brown  colour. 

Spirillum    amylifernm    (Van 

Tieghem). — Filaments  G/i  in  length 
and  1*4  to  1'5  fi  in  width  ;  with 
from  2  to  4  screw  curves. 

They  act  as  a  strong  ferment  in 
the  absence  of  air. 

They  occur  in  water. 

Spirillum  anserum  (Sakharoff ). 
— Spirilla  resembling  the  Spiro- 
chaeta  Obermeieri.  Extremely 
motile. 

They  have  not  been  cultivated 
artificially. 

Blood  from  diseased  geese,  con- 
taining the  spirilla,  produces  the 
disease  when  inoculated  in  healthy 
birds.  The  geese  suffer  from 
diarrhoea,  and  die  in  about  a  week. 

They  were  found  in  the  blood  of 
geese  suffering  from  an  epidemic 
form  of  septicsBmia  prevailing  at 
some  of  the  stations  on  the  Trans- 
caucasian  Railway. 

Spirillum  attenuatum  (Warm- 
ing).— Threads  much  attenuated  at 
the  ends,  which  consist  usually  of 
three  spirals.  The  middle  spiral  is 
about  11  /x  high  and  6  fx  in  diam., 
and  the  end  ones  10  /x  high  and  2  ^ 
in  diam. 

They  are  found  in  brackish  water. 

Spirillum  aureum  (VVeibel).— 

Curved  rods  with  blunt  ends,  spi- 
rilla and  spirilliform  filaments,  and 
involution  forms. 

Colonies  are  circular  and  golden- 
yellow. 

Inoculated  in  the  depth  of  gela- 
tine, a  finely  granular  growth  forms 
in  the  track  of  the  needle,  and  a 
yellow-ochre  prominent  mass  on 
the  free  surface. 
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On  agar  a  greyish  growth  ex- 
tends over  tho  surface,  and  later 
prominent  yellowisb  heaps  make 
their  appearance. 

On  potato  there  is  an  abundant 
growth  of  a.  golden-yellow  colour. 

They    were    found    in     sewage 

Spirillum    cholera    Aaiatica 


(P- 
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SpiriUnm  choleroides  (Boj  wid). 
— Curved  rods  very  similar  mor- 
phologically and  in  jcultures  to 
Koch'K  commn-liacilli. 

They   were   isolated   from   river 

Spirlllnm  cholaroideB  (Orlow- 

sl(i). — Curved  rods  very  similar  to 
Koch's  comma- bacilli. 

They  were  found  in  well  water. 

Spirillom  concentricom 
(KitiUato).^Short  spirilla,  and 
spirilliform  filaments. 

Colonies  Are  circular,  nnd  com- 
posed of  concentric  rings  alternately 
opaifue  and^rnnsparent. 

Inoculated  in  the  depth  of  gela- 
tine there  is  only  a  little  growth 
in  the  track  of  the  needle,  and  a 
cloudy  growth  on  tho  surface 
exteadiog  into  the  jelly. 

On  agar  the  growtli  is  extremely 
adherent. 

In  broth  they  produce  turbidity, 
which  disappears  after  a  time  ;  and 
there  is  a  slimy  deposit  at  the 
bottom  of  the  tube. 

They  were  found  in  putrefying 

SpirillniD  dentiom  (Miller).— 

Spirals  10  to  20  >l  in  length,  poiuted 
at  the  ends. 

They  have  not  been  cultivated. 

They  occur  in  the  deposit  on  the 
teeth,  and  in  company  with  Lepto- 
tki'ix  buccalis  in  carious  teeth. 


in  Asiatic  cholera,  spirilla,  and 
spirilliform  filaments. 

Colonies  yellowish. 

Inoculated  in  the  depth  of  gela- 
tine a  finely  granular  filament 
develops  in  the  track  of  the  needle, 
and  on  the  free  surface  a  pale- 
yellow  patch. 

Ob    agar    the    growth,   at    first 


greyish- white,  becomes  yellow,  and 
fornix  a  thick  layer. 

Oil  potiitii  the  growth  is  abun- 
dant, and  similar  in  colour. 

They    were     found     in     sewage 

Spirillum  flavnin  (Weibel).— 
Spirilla  morphologically  identical 
with  spirillum  an renm. 

Colonies  on  gelatine  are  pale- 
yellow,  and  later  the  colour  is  more 

On  ^ar  and  potato  they  form  a 
layer  the  colour  of  yellow-ochre. 
They  were  isolated  from  sewage 

Spirillum   lencomelaneum 

(Koch).  — U.irk  and  glass- like  spaces 
alternate  in  the  spirillum,  resulting 
from  II  regular  arrangement  of  the 
dark  g;ninu)ar  contents.  A  rare 
form  observed  in  water  covering 
rotting  al),'Ht- 

Spirilliun  lin^se  (Weibel). — 
Curved  rods,  spirilla,  and  spirilli- 
form    filaments,     and     involution 

Colonies  are  composeil  of  inter- 
lacing fiknienta,  and  offshoots 
extend  into  the  surrounding  gola- 

Inoculated  in  the  depth  of  gela- 
tine a  delicate  growth  occurs  in  the 
needle  track. 

On  agar  the  growth  is  whitish 
and  granular. 

In  broth  a  cloudiness  is  produced, 
as  well  as  a  llucculent  deposit. 

They  are  especially  distiDguished 
from  other  spirilla  described  by 
Weibel  by  their  staining  by  Gram's 
method. 

They  were  isolated  from  the 
tongue, 

^irilltiui  marinnm  (Russell). 

— Curved  rods,  and  spiral  filaments. 

CotonieA  circular,  granular  and 
striated  ;  Inter,  ilocculent  masses 
float  in  liquefied  areas. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  occurs  in  the 
track  of  the  needle,  and  a  mem- 
brane form*  on  the  surface  of  the 
cloudy  liquid. 

On  agnr  the  growth  is  yellowish 
and  abundant. 

On  potato  a  thick,  waxy  maw 


^H                      ^66                                        DESCRimON 

OF                                            ^^^^^^^^^H 

^^H                  develops,    and    extends    over    the 

SpirilUm   of  Smith    i'idr     ^| 

Spirillum  suis).                                               ^^1 

^^B                  surface. 

^^M                        Broth   made  with   Kea-water  be- 

Spirillnm  of  Weib«I.— Curved       ^H 

^^B                  cornea  rapid);  tiirbid. 

rods    resembling    Koch's     comma-       ^^B 

^^H                         They   were   obttiioed   from   sea- 

bacilli,    morphologically,     and     in       ^^B 

cultures  on  jelly.     The  gelatine  is       ^H 

^1                    Spirillam  Hetclmikovi  (p.  iHH). 

more  quickly  liquefied.                                 ^^B 

^B                    SpiriUnm    nasale   (Weibel).- 

There  is  no  growth  on  potato.               ^^B 

^^H                     Large  curved  rods  and  spirilliform 

They  occur  in  well  water.                        ^H 

^^M                    filameDts.     Non-motile. 

SpiriUnm  plicatUe  ( Ehrenberg).       ^H 

—Thin  threads  'I'lb  /i  in  breadtlt,       ^^B 

^^^1                    and  browniBh-yellow. 

110  to  125  li  long,  occurring  also  in        ^^fl 

^H                         Inoculated  in  the  depth  of  geU- 

spirulinar  foi-ms.    The  threads  have        ^^B 

^^m                  tine  a  delicate  gronth  develops  in 

primary  and  secondary  windings  :        ^^B 

^^U                     the  track  of  the  needle. 

the  former  are  in  each  example  of       ^^B 

^^U                         On  the  surface  of  agarthey  form 

equal  size,  but  the  latter  are  often      ^^H 

^^H                  a  whitish  slimy  filni. 

^H                         They  occur  in  uosal  mucns. 

'^                       ^H 

^H                    Spirillam  Obermeieri  ( p.  ibS,). 

^                    ^1 

^M                    Spirillum     of    Finkler     and 

i^                  ^H 

^M               Pnor  (p.  2:,H). 

^M                   Spinllam  of  Qonther  ( Vibrio 

Cvv                            ^H 

J                           ^1 

^^^M                  nquiitilU). — Curved  rod.s,  verygimi- 

f                             ^1 

^H                     lar   to   Koch's   eomma-bociUi,   hut 

^H 

^^^H                    there  is  no  growth  on  potato. 

■ 

^^B                      They  occur  in  water. 

I                     ^M 

^H                    Spirillnm   of  Miller.-Cnrvcd 

S                 ^H 

^^H                    rods,   singly,   in   pairs,    and   spiral 

^1 

^H                  filaments. 

^^H 

^^B                         They  liquefy  gelatine. 

^H 

^^1                      They  were  isolated  from  carious 

^^1 

H                   teeth. 

K             ^H 

^B                    Spirmom  of  Keisser   (Vlh-io 
^H                     fifr<y7<nf'r«;s).- Similar     to    Koch'a 

4            ^1 

s^                         ^1 

^^1                     comma-bacillus,  but  smaller. 

^1 

^^B                         Colonies  colourless,  granular  and 

^^1                   transparent,  liquefying  the  gelatine 
^B                     much    more    slowly    than    Koch's 

KiG  225.-SrmocuiT.i  PwciTiLt           ^H 

irregular.     Their  ends  are   cut  off        ^^| 

^H                         Inoculated  in  the  depth  of  gela- 

bluntly,    and    they    exhibit    rapid         ^H 

^^M                     tine  they  produce  a  growth  similar 

^^1                     to   that   of    Koch's    comma-bacilli. 

^H                      but  much  more  Hlourly  in  milk. 

water  in  summer,  and  can  be  ob-         ^^B 

^^1                       In  broth  they  grow  abundantly. 

tiiined  by  allowing  algie  to  decom-         ^^| 

^^H                         Tbey  were  found  in  water. 

pose  in  water.    On  cultivation  the        ^^| 

^H                    SpiriUnm   of   R^non.-Carved 

threads  break  up   into  long   roda,         ^^B 

^^1                   rods  longer  and  broader  than  tbe 

short  rods,  and,  finally,  coccL    Thia         ^H 

^^M                     comma-l^cilli  of  Koch. 

change  is  rendered  vinible  by  making         ^H 

^^L                        Colonies    yellowish,     with    dark 

cover-glass  preparations,  and  stain-         ^H 

^^^^^^ 

ing  with  aniline  dyes.                                   ^^B 

^^^^^^L         In  gelatine  the  cultures  resemble 

SpiriUnm  rosacenm  (Klein).—        ^H 

^^^^^B      tbose  uf  Koch's  comma-bacillus. 

Resembles  Spirillum  undula.  but  ia        ^^B 

^^^^^^^^K          On  agar  the  growth  is  white  and 

reddish   in  colour  ;   the   colouring-         ^^B 

^                     They  cause  turbidity  in  broth. 

or  chloroform.                                                ^^^| 

^^F                       They  were  isolated  from  impure 

Spirillum  Rosenbereii.—        ^H 

^^P                     water  from  a  well. 

Threads  with  1   to  1^  windings,  4         ^H 
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to  12  ft  long,  1-5  to  2-6  /*  thick. 
They  are  colourless,  but  the  con- 
tents include  strongly  refractive 
sulphur  granules.  Also  spirals  6  to 
7*5  fi  in  height,  which  are  actively, 
motile. 

They  were  found  in  brackish 
water. 

SpiriUum  mbnun  (Esmarck). 
— Curved  rods,  spirilla  and  spiro- 
chetae.    They  are  actively  motile. 

The  growth  on  artificial  media  is 
extremely  slow. 

Inoculated  in  the  depth  of  gela- 
tine they  grow  along  the  tra(£  of 
the  needle,  forming  a  filament  of  a 
wine-red  colour,  without  causing 
liquefaction ;  and  on  the  free  sur- 
face the  growth  is  colourless. 

In  broth  long  spirillar  threads 
are  formed. 

They  were  isolated  from  the 
putrid  tissues  of  a  mouse. 

Spirillum  mfam  (Perty).— 
Filaments  from  8  to  16  fi  in  length, 
with  1^  to  4  screw  curves ;  non- 
segmented  ;  chiefly  motile  ;  tinged 
with  red. 

They  form  rose  or  dark  red  spots 
on  the  sides  of  wells. 

SpiriUum  sangtiineiim  (Cohn). 

— Threads  3  /i  and  more  in  thick- 
ness, with  2  to  2}  spirals,  each  9  to 
12  ft  high.  The  ends  are  provided 
with  flagella.  Their  colour  is  due 
to  the  presence  of  reddish  granules 
contained  in  the  cells. 

They  were  observed  in  brackish 
water  containing  putrefying  sub- 
stances. (Vide  Beggiatoa  roseo- 
persicina.) 

Spirillxim      saprophiles.— (I.) 

Curved  rods  with  pointed  ends,  '6  fi 
in  width,  3  /i  in  length  ;  spirilla, 
spirilliform  filaments,  and  involu- 
tion forms. 

Colonies  yellowish  or  greenish- 
yellow. 

Inoculated  in  the  depth  of  gela- 
tine a  white  growth  forms  in  the 
track  of  the  needle,  later  becoming 
yellowish  ;  and  on  the  free  surface 
there  is  a  white  growth,  and 
beyond  this  a  transparent  film 
spreads  over  the  jelly. 

On  agar  the  growthi  s  creamy, 
and  the  jelly  clouded  beneath  it. 


On  potato  the  growth  is  slimy 
and  yellowish  or  dark-brown  in 
colour. 

They  were  obtained  from  sewage 
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mud  and  decomposing  hay  infu- 
sion. 

(II.)  Curved  rods  about  2  /a  in 
length,  with  blunt  ends  and  in  pairs. 
Extremely  motile. 

Colonies  circular  and  yellowish- 
brown. 

Inoculated  in  the  depth  of  gela- 
tine a  white  growth  develops  in 
the  track  of  the  needle,  and  later 
becomes  yellowish-red  ;  on  the  free 
surface  a  white  patch  forms,  sur- 
rounded by  a  transparent  film. 

In  the  depth  of  agar  there  is  no 
growth  in  the  track  of  the  needle, 
but  a  yellowish-white  patch  on 
the  free   sur&ce  adherent  to  the 

jelly- 
On  potato    the  growth    is    also 

adherent,  and  in  appearance  shining 

and  brownish-green. 

They  were  isolated  from  decom- 
posing hay  infusion. 

(ni.^  Curved  rods,  spirilla,  and 
spirillirorm  filaments,  and  involu- 
tion forms. 

Colonies  are  circular,  granular, 
and  with  irregular  margin  ;  yellow 
in  the  centre,  and  white  at  the 
periphery. 

Inoculated  in  the  depth  of  gela- 
tine a  white  growth  develops  in 
the  track  of  the  needle,  and  on  the 
surface,  without  producing  lique- 
faction. 

On  the  sur^e  of  agar  the  growth 
is  white. 

On  potato  the  growth  is  distinctly 
brown. 
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They  were  isolated  from  sewage 

Spirillum  aerpeng  (Muller).— 
LoQg  epirilliform  filajnenta  ;  ofteo 
collected  in  masses. 

They  were  obaerred  in  vegetable 
iufUBions  and  sUgnant  water. 

Spirillimi  Bpiitigennm  (Lewis). 
— Curved  rods,  very  similar  to  the 
comma-bBcilli  of  Koch  :  but  many 
obsen'era  having  failed  in  repeated 


attempts  to  cultiTRte  them,  main- 
tain that  they  are  biologically  die- 
tinct  from  those  associated  with 
Asiatic  cholera.  Klein  asserts  that 
they  can  be  cnltivated  in  an  acid 
geUitine,  and  that  thej  are  iden- 
ucal  with  Koch's  comma-bacilli  ia 
their  mode  of  growth.  They 
occur  with  other  bScleria  in  saliva 
and  in  scrapings  from  carious 
teeth. 

Spirillum  snis  (Smith).— Com- 
mas and  spirilla. 

Colonies  in  gelatine  are  circular, 
granular  and  brownish,  and  later 
appear  to  be  composed  of  concen- 
tric rings.  The  gelatine  is  tiot 
lic^efied. 

Broth  with  1  per  cent,  of  peptone 
becomes  in  a  few  days  clouded. 

On  potato  they  develop  a  thin 
yellowish  layer. 

The  commas  are  said  to  be  slightly 
larger  than  those  obtained  from 
Asiatic  cholera,  and  are  not 
pathogenic. 

They  were  obtained  from  the 
large  intestine  in  swioe. 

SpirillDm  tenue,— Very  thin 
threads,  with  at  least  1^,  usually 
2  to  5  spirals.  Heicbt  of  a  single 
ftcrew  is  2  to  3  fi,  and  the  length  of 
■piral  therefore  4  to  15  fi.  They 
are  Yery  swiftly  motile. 


,    slightly    umalier 
than   Koch's    comma- bacilli,     witli 

a    great  tendency    to    form    long 
spirillar  threads  (Fig.  228). 


^"'•i^li 


Colonies  on  plate-cultivations 
ar«  sharply  defined  and  of  a 
greenish-brown  colour.  After  a 
time  they  liquefy  the  gelatine,  but  - 
the  liquefaction  is  much  more 
marked  than  in  colonies  of  Koch's 
of  the  same  age,  though. 
rapid  aa  in  the  case  of  the 
IS  of  cholera  nostras. 

Inoculated  in  the  depth  of  nu- 
trient gelatine  a  turbid  liquefactioQ 
occurs  along  the  needle  track,  and 
on  the  surface  of  nutrient  aga>4j:ar 
a  yellowish -white  layer  develops. 

Inoculation  of  potatoes  gives  no 

Administration  of  the  bacilli  by 
the  mouth,  in  the  manner  employed 
for  testing  the  pathogenic  effect  of 
Koch's  bacilli,  produced  a  fatal 
result  in  a  few  cases  ;  ou  the  other 
hand,  injection  into  the  duodenum 
failed  entirely.  The  pathogenic 
properties  may  be  therefore  con- 
sidered as  not  yet  established. 

They  were  isolated  from  old 
cheese. 

SpiriUam  andnla. — Threads 
I'l  lo  1-i  ^  thick,  !l  to  12  ^  long  : 
KpirulK  4'^  fi  high  ;  each  thread  has 
14  to  3  spirals.  They  are  actively 
motile,  and  possess  a  flagellum  at 
each  end. 

They  occur  in  various  infusions. 

Spifillom  VOlutans  (Ehrenbei^), 
— "Threads  i:.  to  2  ^  thick,  2.T  to 
30  fi  long,   tapering   towards  their 
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extremities,  which  are  rounded  off. 
They  possess  dark  granular  con- 
tents. Each  thread  has  2^  to  3^ 
windings  or  spirals,  whose  height  is 
9  to  13  fi.  They  have  a  flagellum 
at  each  end,  and  are  sometimes 
motile,  sometimes  not. 

They  are  found  in  the  water  of 
marshes  and  in  various  infusions. 

Spiromonas  Cohnii— Colourless 
cells,  consisting  of  1^  spirals,  with 
both  ends  acutely  pomted  and  pro- 
Tided  with  a  flagellum.  Breadth 
of  the  cells,  1*2  to  4  fi. 

They  occur  in  water  containing 
decomposing  matter. 

Spiromonas  volubilis  (Perty). 
— Colourless,  transparent  cells,  15 
to  18  ft  long.  Rapidly  motile,  and 
revolving  round  a  longitudinal 
axis. 

They  occur  in  marsh-water  and 
putrefying  infusions. 

Staphylococcus  pyogenes  albus 

(p.  178). 

Staphylococcus  pyogenes 

aureus  (p.  176). 

Staphylococcus  pyogenes  cit- 
rous (p.  178). 

Staphylococcus  pyosepticus 
(Heucourt  and  Bichet). — Cocci 
identical  with  Staphylococcus  pyo- 
genes aureus. 

Subcutaneous  injection  causes  in 
rabbits  intense  oedema,  and  death 
in  twenty-four  hours. 

They  were  isolated  from  pus 
from  an  abscess  in  a  dog. 

Staphylococcus  salivarius  pyo- 
genes (Biondi). — Cocci  *3  to  '5  u 
m  diam.,  singly  and  in  masses. 

Colonies  white  and  opalescent, 
producing  liquefaction. 

Inoculated  in  the  depth  of  gela- 
tine the  growth  appears  in  the 
track  of  the  needle,  and  is  followed 
by  liquefaction. 

On  agar  the  growth  is  orange- 
yellow. 

The  cocci  produce  local  suppura- 
tion when  inoculated  in  animals. 

They  were  isolated  from  an 
abscess  in  a  guinea-pig  following 
subcutaneous  injection  of  saliva. 

This  coccus  is  probably  identical 
with  Staphylococcus  pyogenes 
aureus. 


Staphylococcus  viridis  flaves- 

cens  (G-uttmann). — Cocci  singly,  in 
pairs  and  masses ;  morphologically 
agreeing  with  Staphylococcus  pyo- 
genes aureus. 

Colonies  are  greenish-yellow. 

Inoculated  in  the  depth  of  gela- 
tine a  filament  forms  composed  of 
greyish  colonies. 

On  agar  the  growth  is  greenish- 
yellow. 

They  grow  well  on  potato. 

They  were  isolated  from  the 
vesicles  of  chicken-pox. 

Streptococcus  acidi  lactici 
(Q-rotenfeld). — Oval  cocci  '5  to  1  fi 
lon^,  *3  to  *6  /i  in  width,  and  long 
chams.  They  are  partially  anaerobic. 

Colonies  are  circular  and  white. 

Inoculated  in  the  depth  of  gela- 
tine a  growth  occurs  only  in  the 
track  of  the  needle. 

Milk  is  coagulated. 

They  were  isolated  from  coagu- 
lated milk. 

Streptococcus  albus  (TUs).— 
Cocci  lorming  motile  chains. 

Colonies  are  flat  and  circular, 
with  white  periphery  and  dark 
nucleus,  rapidly  liquefying. 

Inoculated  in  the  depth  of  gela- 
tine there  is  rapid  liquefaction  in 
the  track  of  the  needle,  and  a 
white  deposit. 

On  potato  they  form  a  white 
slimy  layer. 

They  were  found  in  water. 

Streptococcus  bombycis  (p.  472). 
Streptococcus  brevis  (Lingels- 

heim). — Cocci  singly,  in  pairs 
and  chains,  of  eight  to  ten 
elements. 

Colonies  on  gelatine  are  circular 
and  very  minute. 

Inoculated  in  the  depth  of  gela- 
tine there  is  a  funnel-shaped  cavity 
near  the  surface,  and  below  this, 
in  the  track  of  the  needle,  small 
isolated  colonies. 

On  agar  a  yellowish-grey  film 
develops  along  the  line  of  inocula- 
tion. 

On  potato  there  is  a  copious  white 
growth  in  forty-eight  hours. 

Broth  is  made  turbid. 

They  were  isolated  from  healthy 
saliva. 
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Streptococcns  cadavoris  ( Stem- 
berg), — The  description  oorresponda 
with  that    of    Streptococcus  pyo- 

K [^Inoculated  in  the  depth  of  gela- 
tine the  colonies  are  iiaid  to  be 
larger  and  more  opaque. 

On  the  surface  of  agar  they  form 
a  thin  translucent  layer. 

In  broth  little  flocculi  develop, 
composed  of  chains  in  which  in 
Home  casct  the  element))  varied 
considerably  in  niai. 

They  were  obtained  from  the 
liver  in  a  fatal  case  of  yellow  fever. 

Streptococcns  coli  gracilis 
(Escherich). — Cocci  from  *:;  to  *4  ^ 
in  diam.,  forming  chains  composed 
of  from  six  to  twenty  elemeuta. 
Some  elements  in  a  chain  are  irre- 
gular in  form,  and  show  transverse 

The  colonies  are  spherical  and 
aink    down    in   the   liquefied   gela- 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  occurs  in  ihe  track 
of  the  needle  on  the  second  day, 
and  a  white  deposit  forms  at  the 
bottom  of  the  liquid.  In  about  a 
week  the  gelatine  is  completely 
liqueHed, 

On  agar  there  ia  a  very  slight 

On  blood-serum  small  scales 
develop. 

On  potato  the  growth  ts  com- 
posed of  small  white  prominent 
coloniea. 

Milk  is  coagulated. 

They  were  found  in  the  evacna- 
tiooB  of  healthy  infants. 

Streptococcns  conglomeratns 
(Kurth). — Cocci  and  chains,  identi- 
cal with  Streptococcus  pyogenes. 

They  form  an  adherent  film  at 
the  bottom  of  the  tube,  which  is 
not  broken  up  by  agitation.  This 
is  observed  in  other  varieties  of 
Streptoeoceua  pyogenes,  and  is  not 
sufGcieiit  to  distuiguish  it. 

They  are  pathogenia  in  mice. 

They  were  isolated  from  caaea  of 
scarlet  fever. 

StreptococcoB  fiavns  desidens 
( Flilgge). — Cocci,  diplococci,  and 
short  chains.    They  form  yellowish- 


white  colonies,  which  gradoall^ 
sink  down  in  the  gelatine. 

Inoculated  in  the  depth  of  gela- 
tine the  cocci  form  ohina-white, 
confluent  masHes  in  the  track  of 
the  needle,  and  on  the  surface  a 
yellowish- brown  slimy  layer. 

They  occur  in  air  and  in  water, 
and  were  originally  isolated  from 
contaminated  cultures. 

Streptococcus  gieasteTu 
nretbra  (Lustgarten).— Cocci  8 
to  I  ^  in  diam.,  forming  chains 
composed  of  several  hundred 
elements.  In  description  they 
correspond  with  Btreptocoacus 
pyogenes. 

Tbey  do  not  grow  at  the  tem- 
perature of  the  room. 

Colonies  on  agar  are  transporeat 
and  iridescent. 

They  were  isolated  from  the 
healthy  urethra. 

Streptococcus       Eavaniensi* 

J  Sternberg), —Cocci  -ti  to  -d  p.  in 
iam,,  forming  long  chains,  com- 
posed of  cocci,  in  pairs,  and  ovkI 
elements  showing  transverse  divi- 
sion. 

This  streptococcus  is  probably 
a   variety    of    Streptococcus    pyo- 

They  were  found  in  the  acid 
vomit  of  a  yellow-fever  patient. 

Streptococcus  in  contaeious 
mammitis  in  cows  (Nocard  and 
Mollereau).— Cocci  spherical  or 
oval,  united  in  long  chains. 

Colonies  are  spherical,  granular, 
pale-yellow,  or  brownish  by  trans- 
mitted light. 

The  cocci  inoculated  in  the  deptli 
of  gelatine  produce  a  granular 
filament  in  the  track  of  the 
needle. 

On  the  surface  of  nutrient  gela- 
tine minute  spherical  colonies  are 
formed,  which  are  bluish  by  re- 
flected light. 

Injected  into  the  mammary  gland 
of  cows  and  goats  tbey  prmiuce 
mastitis. 

They  were  isolated  from  the  milk 
of  cows  Buffering  from  contagions 
mammitis. 

From  the  description  this  strepto- 
coccus appears  to  be  closely  related 
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to,  if  not  ideotical  with,  Btiepto- 

ooccns  pyogeDes  boTiB(CrookBhank). 

StieptoooccoB  in  progressive 

tiuue  necrosis  in  mice.— Koob 

produced  a  dieeaee  in  mice  by  sub- 
cutaneons  injectioQ  of  putrid  blood. 
In  tissue  BOctiouB  a,  chain  coccus 
wu  found  which  wu  UEuilar  to 
Streptococcus  pyoRenes. 


F[o.   220.— SriiKPTOcocn'B    in    Pao- 

OBKHKCVB  TlHHl'K   NkCBOSIB    IN    MiCE. 

a,  NifcTotic  cBj'tilage  cells,  uid  (b) 
chaioB  in  muses ;  c,  isolated  chains. 
(Kooh.) 

Streptococcus  in  Struwles 
(Schutz). — Cocci  forming  long 
chains,  which,  it  is  said,  do  not  grow 
on  nutrient  gelatine  or  agar,  but 
form  a  traDSDarent  iridescent  cul- 
ture on  blooa  semm.  Cultures  in 
broth  produced  the  diseaae  in  horses 
and  mice.  Babbits,  guinea-pigs, 
and  pigeons  are  not  affected. 

StrSingles  is  a  disease  of  the  horse, 
associated  with  suppuration  of  the 
glands  of  the  head  and  neck,  prin- 
cipally in  the  sub-maxillary,  sub- 
parot  ideal,  and  retro-pharyngeal 
regions.  Schutz  found  that  the  pus 
contains  streptococci  and  produces 
a  fatal  disease  in  mice. 

Streptococcas  liquefaciens 
(Sternberg). — Spherical    and    oval 


cocci,  '4  to  'G  ft  in  diam.,  singly,  in 
purs  and  short  chains. 

Inoculated  in  the  depth  of  gela- 
tine liquefaction  occurs  rapidly  in 
the  track  of  tbe  needle,  and  in  a 
week  the  gelatine  is  completely 
liquefied,  slightly  opalescent,  and  a 
scanty  deposit  forms  at  tbe  bottom 
of  the  tube. 

In  the  depth  of  agar  a  filament 
is  formed  composed  of  closely- 
crowded  colonies. 

On  potato  a  thin  and  limited 
dry  white  layer  is  formed  along  the 
line  of  inoculation  in  four  to  five 

They  are  n  on -pathogenic. 

They  were  isolated  ttaa^  the  liver 
and  intcetines  of  fatal  cases  of 
yellow  fever. 

Streptococcna  mirabilia  (Rob- 
coe  ana  Ltint). — Cocci  .(  fi  in  diam., 
singly,  and  in  long  chains. 

The  growth  on  nutrient  media  is 
very  scanty. 

In  broth  the  growth  is  composed 
of  a  mass  of  delicate  filaments 
which  collect  at  the  bottom  of  the 

They  were  isolated  from  sewage. 

Streptococcus  of  fionome.— 
Cocci  firming  chains.  They  corre- 
.spond  in  description  with  Strepto- 
coccus pyogenes,  but,  it  is  said, 
they  do  not  grow  in  gelatine  or 
on  blood-semm,  and  they  are  said 
t«  be  distinguished  by  the  characters 
of  the  colonies  on  agar  plates. 

They  are  pathogenic. 

Inoculated  in  rabbits  and  white 
mice  they  produce  symptoms 
similar  to  those  produced  by  in- 
oculations of  tbe  pneumococcus. 
Sub-cultures  rapidly  lose  their 
virulence. 

They  were  isolated  from  cases 
of  cerebro-xpinal  meningitis. 

Streptococcas  of  Manneberg  — 
Coed  -9  fi  in  diam.,  singly,  in  paira, 
and  in  chains. 

Inoculated  in  the  depth  of  gela- 
tine a  whit«  filament  forms  along 
the  track  of  the  needle  composed 
of  minute  colonies.  In  about  a 
month  the  filament  is  replaced  by 
a  funnel  of  semi-liquefied  gelatine. 

On    the    surface    of    agar    tbe 
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growth     resembleE     Streptococcus 
pyogenes. 

Od  potato  they    form    a  slimy 

Hilk  is  rapidly  coii)(ulat«cl. 

They  are  pyogenic  in  dogs  and 
rabbits.  Injected  into  the  veins 
they  produce  intiammation  of  the 
kidneys. 

They  were  isolated  from  the 
urine  in  a  case  of  Bright'e  dtseaae. 

Streptococcos  pernicioBDa 
paittacorum  (Pamji  .?iwim«).— 
Cocci,  aingly.  in  chains,  and  in 
Kooglcea,  have  been  described  in 
connection  with  ii  diftease  of  the 
grey  parrot  (Psittacus  erithacuH). 
This  disease  Ls  fatal  to  about  80  jier 
cent,  of  these  parrot"  imported  to 
Euro])e.  They  suffer  from  diarrhoea 
and  general  weakness ;  their  feathers 
ore  ruffled ;  their  wings  hang 
loosely,  and  their  eyelids  close; 
convulsions  «et  in,  and  death  fol- 
lows. At  the  uutO|>gy  greyish 
nodulefl  are  fon«d  in  the  lungs,  liver, 
spleen  aad  kidaey.  'In  and  around 
toe  cnpillarieA  of  tibese  nodules,  aud 
in  the  blood  of  the  heart,  the  cocci 
are  found  in  great  numbers  in 
xooglcea,  and  rooi-e  mrely  in  chains. 
InAainmatory  change  in  the  aur- 
roundrng  tissue  is  absent. 

Streptococcus  pyogenes  (]>.  17»<). 

Streptococcus  raoiatas 
(Flllgge).— Cocci  less  than  1  n  in 
diam.,  singly,  in  small  masses,  and 
some  times  in  short  chains. 

Colonies  appear  in  twenty-four 
hours.  They  are  white,  with  a 
yellowish -green  sheen ;  later  they 
liquefy  the  gelatine  and  develop  a 
oirdet  of  rays. 

Inoculated  in  gektine,  isolated 
centres  form  along  the  track  of  the 
needle  which  throw  out  horizontal 
rays.  At  the  same  time  a  funnel- 
sbai>ed  area  of  liquefaction  forms 
very  slowly  in  the  upper  part. 

On  potato  the  growth  is  yel- 
lowish-brown. 

They  occur  in  air  and  in  water. 

Btreptococcna  septicas  ( Fliigge). 
— Cocci  in  chains,  indistinguishable 
microscopically  from  Streptococcus 
pyogenes. 

Colonies  on  gelatine  grow  more 


slowly  than  those  of  most  atrepto- 

They  are  pathogenic.  Mice  die 
in  tortj-eight  to  seventy-two  hours 
after  subcutaneouH  inoculation  of 
a  minute  qnantilj  of  a  oultivatioo. 
During  the  last  twenty-four  honn 
there  is  a  distinct  motor  and  seoMor^ 
paralysis  of  the  bind  l^s.  Tn 
rabbits  inoculation  of  the  ear  pro- 
duces local  reduens,  then  a  general 
disease,  and  death  in  two  or  tbre« 

They  were  found  by  Nicolaier,and 
iadepeudently  by  Guameri.  in  earth. 

StreptococcuB  septicns  ligne- 
faciens  ( Ba bis J.— Cocci  -.T  to  -4  n. 
in  pairs,  in  short  chainH. 

Inoculated  in  tbu  depth  of  gela- 
tine a  granular  filament  forme  in 
twenty-four  hours  olong  the  track 
of  the  needle,  followed  by  lique- 
faction of  the  gelatine  forming  a 
funnel  in  which  the  gelatine  is 
clouded  ;  flat,  whitish  deposits 
form  on  the  side  of  the  funnel. 

On  the  surface  of  agar  minute 
shining,  transparent  colonies  are 
formed. 

On  blood-Bcrum  the  growth  is 
almost  invisible. 

They  are  pathogenic.  Bubeo- 
taneous  injectioa  in  mice  and 
rabbits  produces  local  inflammation 
and  isdema,  followed  by  death  in 
about  a  week. 

They  were  found  in  the  blood 
and  organs  of  n  child  which  bad 
died  of  septicemia  complicating 
scarlet  fever. 

Streptococcus  yermifomus 
(Tils). — -Cocci  forming  motile 
chains. 

Colonies  are  yellowish -white,  the 
central  portion  finely  granular, 
the  periphery  radiated. 

Inoculated  in  the  depth  of  gela- 
tine there  is  rapid  lifjuefactioi), 
and  a  yellowish  deposit  at  the 
bottom  of  the  liquid. 

On  potato  the  culture  forms  a, 
dirty-yellow  layer. 

They  were  found  in  water. 

Streptothrix  actinomycotica 
(p.  430. 

Streptothrix  alba  (Gosparini). 
— A  variety  of  Actinomyces  boris. 
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Streptothriz      asteroideB 

{^Oospara  aateroides,  Sauvageau 
and  Radais  ;  Cladothrix  asteroideSy 
Eppinger).  —  Branching  filaments 
which  form  on  the  surface  of 
grape-sugar-agar  a  whitish  growth, 
which  is  later  of  a  brownish-yellow 
colour. 

Broth  remains  clear,  and  small 
pellicles  float  on  the  surface  re- 
sembling drops  of  stearin. 

On  potato  they  form  snow-white 
points,  which  turn  brick-red  in 
colour,  and  are  later  covered  with 
a  delicate  white  efflorescence. 

The  streptothrix  is  pathogenic 
in  rabbits  and  guinea-pigs. 

It  was  isolated  from  pus. 

Streptothrix  aurantiaca 

(Oospora  aurantiaca^  Sauvageau  and 
Uadais,  and  Doria). — Similar  to 
Streptothrix  asteroides. 

Streptothrix  camea  (Doria  ; 
Oospora  cantea^  Sauvageau  and 
Kadais). — Similar  to  Streptothrix 
asteroides,  but  the  cultures  on 
gelatine  are  pink. 

They  are  not  pathogenic. 

Streptothrix  chromogenes 

(Gasparini ;  Oospoin  chromogeneSy 
Lehmann  and  Neumann). — Culti- 
vated on  the  surface  of  gelatine  the 
filaments  produce  a  chalky  growth, 
and  the  jelly  is  coloured  brown,  and 
is  slowly  liquefied. 

On  potato  the  growth  is  yellowish 
or  brown,  and  the  potato  itself  is 
coloured  dark  brown  or  black. 

The  streptothrix  has  been  isolated 
from  air  and  water  and  the  con- 
tents of  the  stomach. 

Streptothrix  farcinica  (Badlle 

du  farcin  de  bcRuf  Nocard  ;  Oospora 
faciniaiy  Sauvageau  and  Radais). 

Inoculated  on  the  surface  of 
gelatine  there  is  in  about  two  weeks 
a  very  scanty  granular  growth. 

In  broth  greyish  pellicles  develop 
with  a  dusty  surface.  They  are 
pathogenic  in  cattle,  guinea-pigs, 
and  sheep. 

They  were  isolated  from  the 
disease  known  as  farcin   de   boRuf 

Streptothrix  Forsteri  (Cohn). 

— Cocci  rods,  and  leptothrix  threads. 
The  threads  are  twisted  in  irregular 
spirals,  and  branch  sparingly  and 


irregularly.  Screw-forms  are  pro- 
duced by  the  threads  breaking  up 
into  small  pieces. 

Colonies  slowly  liquefy  gelatine. 

On  agar  they  form  a  whitish 
growth. 

In  broth  they  form  shining 
masses,  floating  in  clear  liquid. 

They  occur  in  the  lachrymal 
canals  of  the  human  eye,  in  the 
form  of  closely  felted  masses,  and 
in  the  air,  and  in  fresh-  and  sea- 
water. 

Streptothrix  Hofmanni  (3/icro- 

myces  boffmanniy  Gruber  ;  Oospora 
Hoffmanniy  Sauvageau  and  Radais). 
— The  filaments  flourish  in  the  ordin- 
ary culture  media  with  the  addition 
of  sugar,  but  they  do  not  grow  on 
potato. 

They  produce  suppuration  in 
rabbits. 

They  were  isolated  from  the  air. 

Streptothrix  li^uefaciens 

{Cladothrix  liqvufactensy  Garten). — 
A  variety  of  Actinomyces  bovis. 

Streptothrix  madurae  (p.  449). 
Streptothrix  musculorxim 

STlis  {Aetinomi/ces  suis.  Bunker). 
— A  variety  of  actinomyces  found 
in  the  muscles  of  swine. 

Streptothrix  odorifera(0o8/)ora 

odorifera,  RuUmann).  Probably 
identical  with  Oospora  chromogenes. 

Streptothrix  violacea  (Oospora 

violaceay  Sauvageau  and  Radais, 
and  Doria. — This  streptothrix 
liquefies  gelatine,  and  gives  it  a 
pale  wine-red  colour. 

Agar  is  coloured  a  violet  tint, 
and  potato  becomes  a  reddish* 
brown. 

XJrobacillus     Duclauxi 

TMiquel). — Rods  '6  to  '8  /i  in 
oiam.,  and  filaments  2  to  10  fi  in 
length.  Motile.  Spore-formation 
present. 

In  gelatine  containing  ammonia 
or  urea  they  develop  in  the  track 
of  the  needle  and  cause  liquefac- 
tion. The  liquefied  gelatine  is 
viscid. 

Broth  containing  ammonia  be- 
comes turbid,  a  sediment  forms,  and 
the  liquid  gives  off  an  unpleasant 
odour. 

They  occur  in  sewage. 
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TTrobacilluB    Frendenreiclii 

(Miquel).— Rotis  1  to  1 '3/*  in  width, 
and  SlamentR  5  to  l>  fi  in  length. 

Colonies  circular,  ivhite. 

Inoculated  in  the  depth  of  gela- 
tine growth  occurs  in  the  track  of 
the  needle,  and  a  pure  white  growth 
on  the  surface,  followed  b;  Blow 
liqueAtction, 

In  broth  they  produce  turbidity. 

They  decompose  urea. 

Tbey  occur  in  air,  sewage  and 

UrobaciUuB  Saddozi  (Miquel). 
—Rods  I  ti  in  width,  .?  to  tl  ,.  in 
length,  and  involution  forma. 

Inoculated  in  the  depth  of  gela- 
tine containing  urea  they  produce  j 
white  colonies  and  crystals.  i 

In  broth  they  produce  turbidity. 

They  decompose  urea.  ( 

They  occur  iu  aewiige. 

TTTobacillns  Fastenri  (Miquel).  . 
— Rods   attaimuR   1-2   n  in  width.   [ 
and  4  to  6  ^  in  length,  singly  and 
iu  pairs.     Spore-formation  present. 

They  grow  in  ammosiacal  gela- 
tinci  slowly  liquefying  it  and  form- 
ing crystals.    The  liquefied  gelatine 

They  fermeut  urine,  producing 
a  copious  deposit  of  crystals. 

Tbey  were  isolated  from  decom- 
posing urine. 

UrobacillUB  SchntzenbeTn 
(Miquel). — Short  rode  *6 /J  in  width, 
1  ^  in  length. 

They  rapidly  liquefy  gelatine. 

On  agar  they  form  a  white  layer. 

They  grow  readily  in  broth, 
especially  after  the  addition  of 
urea.  The  liquid  is  made  cloudy, 
but  after  a  few  days  it  becomes 
clear  again. 

They  occur  in  water. 

Vibrio  mpila  (Muller).— Rods 
and  threads,  U  to  16  ^  long,  about 
'5   to  2'5   II   thick.     The   rods  are 


They  bear  a  Sagellum  at  each  end. 
The  rods  form  swarms  when  t^aoB- 
ing  decomposition,  and  then,  or 
after,  grow  out  into  threads,  carved 
In    the 
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APPENDIX  I. 

YEASTS  AND  MOULDS. 

Yeast'fungi  and  movM-fungi,  like  bacteria  or  JUsuynrfungi,  are 
achloTophyUoua  Thallophytea,  They  belong  to  two  separate  orders — 
the  Saccharatnt/cetes  and  Hyphomycetea — which  are  intimately  related 
to  each  other,  but  quite  distinct  from  bacteria.  Their  germs  occur 
widely  distributed  in  air,  soil  and  water,  and  are  constantly 
encountered  in  bacteriological  investigations.  In  addition,  many 
species  are  of  hygienic  and  pathological  interest  and  importance  in 
being  either  accidentally  associated  with,  or  the  cause  of  various 
morbid  processes  and  fermentations.  For  a  complete  account  of 
all  the  described  species  and  full  details  of  the  various  forms  of 
development,  reference  must  be  made  to  botanical  and  other 
works.*  A  description  of  certain  species  is  appended  here,  and  may 
afford  some  useful  information  to  the  worker  in  a  bacteriological 
laboratory. 

Yeast- FUNGI  or  Saccharomycetes. 

Saccharomyces  cerevisisB  (TonUa  cerevisice), — Cells  round  or 
oval,  8  to  9  /x  long,  singly  or  united  in  small  chains.  Spores 
occur  three  or  four  together  in  a  mother-cell,  4  to  5  /x  in  diam. 
S.  cerevisiie,  S.  pastorianus  and  S.  ellipsoideus  are  active  alcoholic 
ferments.  According  to  Jorgensen  they  will  pixnluce  in  fourteen 
days  in  beer- wort  from  4  to  6  per  cent.,  by  volume,  of  alcohol. 

Saccharomyces  eliipsoideus  (Hansen).  I. — Elliptical  cells, 
mostly  6  /x  long,  singly  or  united  in  little  branching  chains.  Two  to 
four  spores  found  in  a  mother-cell,  3  to  3*5  /x  in  diam.  Cultivated 
on  the  surface  of  wort-gelatine  they  produce  in  eleven  to  fourteen 
days,  at  25°  C,  a  net-like  growth  by  which  they  can  be  recognised 

*  Sachs,  Text-book  of  Botany ;  Jorgensen,  Micro-organUms  and  Fermen- 
tation. 
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nith  the  naked  eye.  II. — ^Bound,  oval,  and  rarelj  elongated 
•cells.  They  produce  yeast-turbidity.  There  are  two  so-called 
diaeaae-yeasts  allied  to  this  species.  The  colonies  of  one  kind  foroL 
a  network.  This  yeast  causes  turbidity  in  beer,  and  a  bitter  af ter- 
tastei.  In  the  other  kind  the  colonies  are  sharply  defined.  It 
produces  a  disagreeable  aromatic  taste  to  beer,  and  an  astringent 
after-taste.  It  is  widely  distributed,  and  is  the  principal  agent  in 
accidental  fermentation. 

Etaocharomyces  oonglomeratos  (Eeess). — Cells  round,  5  to 
6  ft  in  diam.,  united  in  clusters,  consisting  of  numerous  ceUs 
produced  by  budding  from  one  or  a  few  mother-cells.  There  are 
2  to  4  spores  in  each  mother-cell.  They  occur  on  rotting  grapes 
and  in  wine  at  the  commencement  of  fermentation. 

Etaocharomyces  ezigniu  (Beess). — Conical  or  top-shaped 
cells,  5  /A  long,  and  reaching  2*5  /a  in  thickness,  in  slightly 
branching  colonies.  Spore-forming  cells  are  isolated,  ei^h  contain* 
ing  2  or  3  spores  in  a  row.  They  occur  in  the  after-fermentation 
of  beer;  but,  according  to  Hansen,  they  do  not  produce  disectee 
in  beer. 

SacGharomyces  J6rg«Uienii  (Lasche). — Cells  small,  round 
or  ovaL  On  the  surface  of  wort-gelatine  the  culture  ^is  greyish- 
white,  and  the  gelatine  is  slowly  liquefied.  They  ferment  saccharose 
and  dextrose,  but  not  maltose.  When  grown  in  wort  with  other 
yeasts  they  are  rapidly  crowded  out. 

Saccliaroinyces  pastorianus,  I. — Cells  oval  or  club-shaped. 
Colonies  consist  of  primary  club-shaped  links,  18  to  22  fx  long, 
which  build  lateral,  secondary,  round  or  oval  daughter-cells,  5  to 
6  fi  long.  Spores  2  to  4.  They  occur  in  the  after- fermentation 
•of  wine,  fruit- wines,  or  fermenting  beer,  and  in  the  air  of  breweries. 
They  produce  a  bitter  taste  and  unpleasant  odour  and  turbidity 
in  beer.  II. — Cells  mostly  elongated,  but  also  oval  or  round. 
•Cultivated  on  the  surface  of  gelatine  and  yeast- water  a  growth  is 
produced  with  smooth  edges,  by  which  it  can  be  differentiated 
from  No.  III.  They  occur  in  the  air  of  breweries,  but  do  not 
produce  disease  in  beer.  III. — They  produce  yeast-turbidity  in 
beer.  On  the  suiface  of  yeast- water  gelatine  the  cultures,  after 
fiixteen  days,  have  hairy  edges. 

Saccharomyces  apieulatus. — Cells  lemon-shaped,  both  ends 
bluntly  pointed,  6  to  8  /x  long,  2  to  3  /x  wide.  Budding  occurs  only 
At  the  pointed  ends.  Barely  united  in  colonies.  Spores  unknown. 
They  occur  with  other  yeasts  in  various  accidental  fermentations 
And  in  ripe  fruits. 


YEASTS  AND  MOULDS.  579 

Sacchoromyces  sphaBricus. — Cells  varying  in  form;  the 
basal  ones  of  a  colony  oblong  or  cylindrical,  10  to  15  /x  long, 
5  /x  thick ;  the.  others,  round,  5  to  6  /x  in  diam.  United  in  ramified 
families.     Spores  unknown. 

Saccharomyces  anomalus  (Hansen). — Cells  small,  oval,  and 
sometimes  elongated.  Spores  are  hemispherical,  with  projecting  rims 
at  the  base.     They  were  found  in  impure  brewery  yeast. 

Saccharomyces  xnycoderma  (Mycoderma  cerevisict  et  vini), — 
Cells  oval,  elliptical,  or  cylindrical,  6  to  7  /x  long,  2  to  3  /x  thick, 
united  in  richly-branching  chains.  Spore-forming  cells  may  be 
20  /x  long.  Spores  1  to  4  in  each  mother-cell.  The  colonies  in 
gelatine  are  greyish  and  filmy.  They  form  the  so-called  "  mould  " 
on  fermented  liquids,  and  develop  on  the  surface  without  exciting 
fermentation.  When  forced  to  grow  submerged,  a  little  alcohol  is 
produced,  but  the  fungus  soon  dies.  They  occur  on  wine,  beer,  fruit- 
juices  and  sauerkraut. 

Saccharomyces  albicans  (Oidium  albicans,  FutigiLs  of  thrush). 
— Cells  round,  oval,  or  cylindrical,  3*5  to  5  /x  thick  ;  the  cylindrical 
cells  10  to  20  times  as  long  as  they  are  thick.  The  bud-colonies 
mostly  consist  of  rows  of  cylindrical  cells,  from  the  ends  of  which 
oval  or  round  cells  shoot  out.  Spores  form  singly  in  roundish  cells. 
In  plate-cultivations  the  colonies  are  pure  white.  In  the  depth 
of  gelatine  a  filament  is  formed  composed  of  white  colonies,  some 
with  ray-like  processes  extending  into  the  gelatine.  On  potato  the 
fungus  forms  a  rapid  white  growth,  and  on  bread  also.  They 
can  be  easily  cultivated  in  a  nutrient  solution  containing  sugar 
and  ammonic  tartrate.  The  cells  germinate  according  to  the  rich- 
ness of  the  fluid  in  sugar;  they  either  grow  into  long  threads, 
or,  in  a  very  strongly  saccharine  solution,  many  daughter-cells  are 
formed  and  bud  out  in  variouF.  directions.  According  to  Klemperer 
the  thrush-fungus  is  pathogenic  in  rabbits,  death  taking  place 
twenty-four  to  forty-eight  hours  after  an  intravenous  injection ,  of 
a  pure-culture.  Long  mycelial  threads  are  found  in  the  internal 
organs.  They  occur  on  the  mucous  membrane  of  the  mouth, 
especially  of  infants,  in  greyish-white  patches,  which  consist  of 
epithelium,  bacteria,  yeasts,  and  the  mycelia  of  various  moulds. 

Saccharomyces  pyriformis  (Marshall  Ward). — Cells  oval. 
They  convert  saccharine  solutions  containing  ginger  into  ginger- 
beer.  They  occur  with  other  micro-organisms  in  the  so-called 
"  ginger-beer  plant." 

Saccharomyces  glutinis. — Cells  round,  oval,  or  shor^ 
cylinders,  5  to  11  /x  long,  4  /x  wide,  isolated,  or  united  in  tv 
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Cell- membrane  and  contents  are  colourless  in  the  fresli  state,  but 
when  dried  and  re-inoistened  possees  a  pale-reddish  nucleus  id  the 
miiidle.  Spoi-e- formation  unknown.  Tliey  form  rose-coloure*],  slimy 
epotfl  on  st'arch  paste,  and  on  ateiilised  potatoes.  Tlie  colouring 
matter  ia  not  <;hanged  by  acids  oi-  iilkalies. 

SaocharomyceB  ilicis  (Gronluud).— Cells  spheiiciil.  Spore- 
fdnualiuu  prexuuCi  wlthouB  vwiuolea.  Oultltrea  ou  the  tiiufaoe  of 
gfllatiae  ham  a  powdery  appeanuic&  Th«y  prodnoe  about  3*8 
par  oeot.,  t^-  Tdnme,  of  ftlct^ol  in  heer-woit,  and  taxmo  e.  diaagroo- 
aUe,  tuttor  taste.     They  were  obtained  from  the  fmit  of   TZteB 

tUofstuxomjoe*  oqulftiUl  (OrSnlimd). — Oells  large  and 
^diaioa],  ^(ves  omtain  vacnolea.  Onltnrea  en  gelatine  are 
variable,  amooth  and  shining,  or  powdery.  They  produce  ftboat 
3*7  per  cent.  al«^iol  in  beer-wort,  and  oauae  a  sweet  taste  with 
bitter  after-taste.    They  also  were  obtained  from  the  fruit  <^  TIkt 

BaooharomyoM  Mandamu  (Hansen). — Oells  elongated. 
Tbtiy  develop  a  myoelial  growth  on  solid  aafarient  media.  They 
eoBor  on  grapes. 

BoooluvoinyoeB  membraiUBfiusleiu  (Hansen).— OeUs  el<m- 
gated  and  vacuolated.  Spore -formation  abundant.  Cultivated  on 
wort-gelatine  they  produce  circular,  flattened  and  wrinkled  colonies, 
greyish,  and  sometimes  with  a  reddish  tinge.  The  gelatine  is  slowly 
liquefied.  They  occur  in  the  slimy  secretion  of  the  roots  of  the 
elm,  and  were  also  isolated  fi'om  well-water. 

Saccharoniyces  Hansecil  (Zopf). — Oells  with  small  spherical 
spores.  They  set  up  alcoholic  fermentation  in  solutions  containing 
sugar.     They  were  found  in  cotton-seed  flour. 

Saccharomyces  Ludwigil.~Celi8  irregular  in  form,  oval, 
bottle-shaped,  lemon -shaped,  and  elongated,  and  mycelial  filaments. 
On  wort-gelatine  the  gro^vth  is  greyish  or  yelloivish. 

Saccharomyoes  acldi  lactici  (Grotenfelt). — OelLs  oval,  2  to 
4'35  ft  in  length,  and  1*5  to  3'9  /i  in  width.  Colonies  on  nutrient 
gelatine  ore  porcelain- white.     They  coagulate  milk. 

Saccharomyce&  minor  (Engel).^Oells  spherical.  Spore- 
formation  present.  They  ai-e  said  to  be  the  most  active  ferment 
in  the  fermentation  of  bi-ead. 

Sacoharomyces  rosaceus  [Pinl:  TWwit).— Cells  9  to  10  ^ 
in  diam.  They  form  a  corul-pink  growth  in  nutrient  gelatine, 
nutrient  agar-agai',   or  on   sterilised   potatoes,     They  are    present 
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Saccharomyces  niger  {Black  Tarula). — Cells  also  present 
in  the  air.  Cultivated  in  nutrient  gelatine  tixey  form  a  black 
crust  (Fig.  231). 

MouLD-FUNOi  OB  Hyphohtcktes. 

The  mould -fungi  hare  been  divided  into 
five  orders  :  Hypoderraix,  PhycamyeeUe,  A»eo- 
myceUs,  BoMdiomycetea  and  Myxomycetee. 
The  following  species,  with  the  orders  to 
which  they  belong,  are  of  especial  interest : — 

Hypoderuii. 

UstilagO  09X^)0  {MUdew,  Smvi). — Spores 
brown,  circular ;  episporium  smooth  ;  fporidia, 
ovoid  cells.  The  spores  or  conidia  occur  as 
a  black  powder  in  the  ears  and  panicles  of 
wheat,  barley  and  oats. 

Tllletia  caries. — Spores  round,  pole 
brown ;  episporium  with  reticulated  thicken- 
ings. In  germinating,  the  eporidia  gi'ow 
out  radially  from  the  end  of  the  promyce- 

Uum :  these,  at  their  lower  part,  conjugate     „       „      „  „ 

'  '  ,  ,  ,  ,         Pig-   231.— Black    Tor- 

by  a  cross  branch   and   separate  from    the        nuv.     Pi-be  Ci^ltita- 
promycelium,  and  at  some  point  of  the  pair        tion  on  Potato. 
a   hypha    grows    out,   on   which    abundant 

secondary  sporidia  develop.  The  latter  are  long,  oval  cells,  which 
can  in  turn  germinate.  The  fungus  occurs  in  the  form  of  a 
stinking  powder  in  grains  of  wheat,  which  renders  the  meal  im- 
pure, and  gives  it  a  disagreeable  smell. 

XJrooyatis  ooonlta. — The  spores  consist  of  several  cells  united 
together ;  partly,  large  dark-brown  cells  in  the  interior,  and  out- 
side, several  flat,  semicircular,  colourless  cells.  The  promycelium 
germinates  as  in  TiUetia,  but  the  cylindrical  cells  produce  a  hypha, 
without,  as  a  rule,  previous  conjugation.  They  occur  as  a  black 
powder  in  rye-straw  in  long  disintegrated  stripes,  which  are  at  first 
greyish.     The  affected  plant  produces  abortive  ears. 

Empnsa  mascs.  —  A  spore  or  conidiura  of  this  fungus 
alighting  upon  the  white  area  of  the  under  surface  of  the  body 
of  the  house-fly  germinates  into  a  hypha.  The  latter,  penetrating 
the  skin,  forms  toruloid  cells,  which  multiply  by  germination,  and 
are  disseminated  in   the   blood   thronghout  the  body   of   the   fly. 
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These  celLj  again  grow  into  hyphse,  which  penetrate  the  skin,  each 
forming  a  eonidium,  which  is  cast  off  with  considerable  force.  The 
parasite  is  fatal  to  flies,  especially  in  the  autumn.  They  are  often 
observed  attached  to  the  walls  or  window-panes,  surrounded  by  a 
powdery  substance,  consisting  of  the  extrude<l  conidia. 

Emposa  radicans. — The  spores  form  long  hyphse,  which  pierce 
the  transparent  skin  of  the  caterpillar  of  the  cabbage  white  butter- 
fly. The  terminal  cells  ramify,  and  fill  the  body  of  the  caterpillar 
with  a  network  of  mycelial  filaments.  Tlie  caterpillars  attacked 
become  restless,  then  motionless,  and  death  ensues. 

Taiichium  inegaspermum. — ^The  spores  are  black  in  colour^ 
and  provided  with  a  tliickened  episporium.  They  occur  at  the 
sides  and  ends  of  mycelial  threads,  attacking  caterpillars  {Agrotis 
segetvm), 

Phycomycktes. 

Saprolegnia. — Colourless  threads,  forming  dense  radiating  tufts, 
occur  on  living  and  dead  animal  and  vegetable  matter  in  fresh 
water.  The  filaments  penetrate  into  the  substratum,  and  branch 
more  or  less  in  the  surrounding  water.  The  cylindrical  ends  of  the 
threads  are  shut  off  by  a  septum — forming  zooaporangia,  or  mother- 
cells,  in  the  interior  of  which  a  number  of  spherical  zoospores 
develop.  These  are  set  free  through  an  apical  opening  in  the 
thread,  and  after  a  time  coming  to  rest,  giv^  rise  to  new  plants. 
In  the  sexual  mode  of  repixKluction  a  spherical  bud,  the  oogoyiium^ 
develops  at  the  end  of  a  mycelial  thread ;  from  the  thread  small 
processes  or  anthei'idia  spix>ut  out  laterally  towards  the  oogonium 
and  l)len(l  with  its  protoplasm.  The  latter  breaks  up  into  a  number 
of  oospores,  which  clothe  themselves  with  a  membrane  while  still 
within  the  mother-cell,  and,  eventually  being  set  free,  grow  into 
fresh  mycelial  filaments.  The  fungus  attacks  fish  and  tritons, 
and  produces  a  diseased  condition  of  the  skin,  which  may  be 
ultimately  fatal.  In  salmon  it  produces  the  common  "disease  of 
salmon." 

PeroDOspora  infestans.— The  conidia-lxjarei-s  of  this  fungus 
have  as  many  as  five  branches,  each  bearing  an  egg-shaped 
eonidium.  The  contents  of  the  conidia  falling  off  and  reaching  a 
drop  of  moisture,  break  up  into  a  number  of  swarming  z(x>gonidia, 
which  in  turn  develop  upon  plants.  Fixing  themselves  to  the 
cuticle  of  the  host,  they  throw  a  germinating  filament  into  an 
epidermal  cell ;  after  piercing  first  its  outer  wall,  and  then  it.s  inner 
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wall,  the  filament  reaches  an  intercellular  space,  where  the  mycelium 
develops.  This  continues  to  grow  and  spread  throughout  the  plants 
In  tubers  it  can  hibernate  and  develop  in  the  young  shoots  in  the 
following  spring.  The  fungus  appears  in  the  form  of  brown 
patches  on  the  green  parts  of  the  plants,  especially  the  leaves. 
The  attacked  parts  wither  and  turn  yellow  or  brown  in  colour. 
If  the  under  surface  of  a  diseased  leaf  is  examined,  a  corresponding 
dark  spot  may  be  observed,  accompanied  with  a  faint  greyish-white 
bloom,  which  covers  it.  The  latter  consists  of  the  conidia-bearing 
branches. 

Pilobolus. — The  fruit-hyphee  possess  spherical  receptacla*^^ 
containing  conidia.  When  ripe  the  receptacles  with  their  conidia 
are  detached  at  their  bases,  and  spring  by  their  elasticity  to  some 
distance.  The  fungus  occurs  as  glassy  tufts  on  the  excrement  of 
cows,  horses,  etc.  A  cultivation  can  generally  be  obtained  by 
keeping  fresh  horse-dung  under  a  bell-glass. 

Mucor  mucedo. — Hypli»  colourless,  simple  or  branched  ;  spo- 
rangia yellowish-brown  or  black ;  spores  ovoid.  They  form  the 
familiar  white  mould  on  fruits,  bread,  potatoes  and  excreta,  and 
penetrate  into  the  interior  of  nuts  and  apples.  A  network  of 
fibrils  develops  in  the  substance  of  nutrient  gelatine,  with  forma- 
tion of  sporangia  on  the  fi-ee  surface.  The  germination  of  the 
spores  and  development  into  hyphse  can  be  observed  in  a  few 
hours  if  the  fungCts  be  cultivated  in  a  decoction  of  horse-dung. 

Macor  racemosus. — Hyphse  short ;  sporangia,  yellowish  to 
pale-brown ;  spoi-es  round.  By  continued  cultivation  in  liquids 
saturated  with  carbonic  acid,  the  hyphse  become  still  shorter 
and  exhibit  a  yeast-like  sprouting.  These  yeast-like  or  toruloid 
cells  cjin,  when  the  carbonic  acid  is  withdrawn,  germinate  into 
normal  mycelium.  They  occur  on  bread  and  decaying  vegetable 
matter. 

Mucor  stolonifer  (Lichtheim). — Mycelium  grows  in  the  air  and 
then  bends  down  and  re-enters  the  nutrient  substratum  ;  sporangia 
black,  and  spores  globular.  The  mycelium  can  penetrate  through 
the  shell  of  eggs,  and  form  conidiophores  within  them. 

Mucor  aspergillus  (Lichtheim). — Fruit-hyphse  thinned  at  the 
base,  and  >vdth  many  fork- like  divisions ;  dark-brown  spores. 

Mucor  phycoinyces  (Lichtheim). — Mycelium  thick-walled  ; 
olive-green  fruit-hyphae  ;  black  sporangia,  and  oblong  spores. 

Mucor  macrocarpus  (Lichtheim). — Spindle-formed,  pointed 
spores. 

Mucor  fusiger  (lichtheim). — Ovoid  spores. 
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Mucor  meUittophoruB  (Lichtheim). — Spores  elliptical.     Found 

Mucor  corymbifer  (Lichtheim). — This  fungus  forms  braacbed 
friiit-hypLte.  Tlie  sporangia  have  a  smooth  membrane.  It  has 
been  founil  in  the  external  auditory  luetLtiiH,  and  on  bread  it  forms 
a  denae  Biiow-white  growth.     Pathogenic  in  rabbits. 

Mucor  rhizopodiformiB  (lichtheim).— The  spores  of  Mucor 
rhizopodiformiK  i»mi  Mucor  corymbifer,  when  iritnxiuced  into  tbe 
vascidiir  system  of  rabbits,  can  germinute  in  the  tissueR,  especiiilly 
in  the  kidneys,  where  they  set  up  hfemurrbagic  inflammation. 
Dogs  are  immune,  and  only  artificial  mycosis  is  known.     It  ot^viirs 

Uacor  erectUB. — ResemblcH  Mucor  rocemosmt.  It  ocelli's  on 
i-otting  potatoes. 

Mucor  circinelloides. — Mycelium  much  bmucbed,  mid 
tpoi'augium  carrier  is  curved. 

Mncor  BpinostlS. — Spoi-angia  chocolate.  Clolumella  Lua  sh<irt 
processes  or  spines. 

AflooxYonB, 

Oldbun  Taokeri. — Fniit>hyph»  bearing  single  omd  oooidis. 
Observed  in  the  form  of  brown  patchee,  covered  with  a  white  mildew- 
like layer  on  the  leaves,  branches  and  young'fruit  of  the  vine, 
producing  "  grape  disease." 

Oidium.  lactis. — Fruit-hypha;  simple,  erect  and  colourless, 
bearing  at  their  ends  a  series  or  chain  of  conidia.  In  some  cases, 
the  fruit-hypha  branches  beneath  the  chain  of  spores.  Spores  are 
short  cylinders.  The  conidia  germinate  into  filaments  of  varying 
length,  which  by  subdivision  form  septate  mycelial  liyphje ;  these 
and  their  branches  give  rise  in  turn  to  spores  or  conidia.  The 
fungus  is  deeply  staine<l  by  the  ordinary  aniline  dy&*.  In  a  plate- 
cultivation  the  colonies  appear  as  white  points,  and  develop  into 
delicate  stellate  colonies  which  ultimately  coalesce  and  form  a  fine 
mycelial  network  covering  the  surface  of  the  gelatine.  The  gela- 
tine is  not  liquefied.  The  growth  on  the  surface  of  agar  is  simUar 
to  that  on  gelatine.     The  fungus  occurs  in  sour  milk. 

Achorion  Sohonleinii  {Furigiia  of  favjui). — Threads  branching 
at  right  angles.  Favus  in  man  forms  yellow  crusts  on  the  hairy  parte 
of  the  body.  The  crusts  are  composed  of  epidermis  and  mycelial 
filaments  and  spores.  In  plate-ctiltivations  whitish  colonies  are 
formed  surrounded  by  liquefied  gelatine.     Cultivated  on  the  surface 
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of  gelatine  the  growth  resembles  that  of  Tiicophytou  tonsuiaoH,  hut 
the  liquehtetion  takes  place  mure  slowly,  und  tliere  ia  ii.  more  distinct 
yellow  colour.  On  iigar  tlie  gi-owth  is  white,  dry  and  firmly 
jidhei'piit, 

Tricophyton  tonsnrons  {Fvnijua  of  rjriff"v>w.i).  ^Mycelial 
filniuents  and  spores  woiir  on  the  crusts  and  in  rtiapseed  hairs. 
In  plate- cultivations  vhite  t'olunies  lire  formed,  nrnl  liijnefaction 
quickly  follows.     In  tefit-tube  cultivutinns  the  gektine  ia  liquefied 


■s2?\?. 


fttid  the  fnngns  forms  a  membrane  on  the  liquid  jelly  which  in  white 
alwve  and  yellow  heneiith.  The  surface  of  thegruwth  is  powdeiy 
In  man  the  diseiiso  varieB  in  uppearunra  in  different  part*  uf  the 
body.  Cattle,  horses  and  Jogs  also  eufler  fr<im  ringworm ;  but  sheep 
iiud  pigs  rai-ely,  if  ever.  The  diseaae  is  very  common  in  culves. 
Sometimes  a  small  jKirtion  of  the  skin  is  (U.seased ;  in  other  casee, 
the  head,  neck,  chest  and  alidomen,  or  even  the  whole  trunk,  may  be 
covered  with  scabs  or  cniBts.  There  is  often  losn  of  hair  in  patches, 
and  the  skin  may  be  covereil  with  scurf.    The  disease  is  tramtmiasible 
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to  the  human  subject.  In  one  case,  according  to  Krown,  seven 
gKOoois  were  infected  on  the  arms  from  a  grey  pony  wU^  was 
suffering  from  the  disease  in  an  aggravated  form. 

FUBgns  of  fowl-acflib. — Vowla  are  liahie  to  a  disease  fiimUar 
to  favus.  According  to  Schiits  this  disease  is  characteriaed  by 
greyish-white  patches-on  the  comb  and  wattles  of  fowls,  which  may 
extend  over  the  neck  and  body.  On  nutfient  gelatine  a  wrbito 
.mycdium:is  formed;  and  tiie' gelatine  is  liquefied,  and  acquires  a 
reddish  tint.  The  fungus  can  be  readily  cultivated  on  bread-paste^ 
agar-agar  and  potato.  Oultures  inoculated  in  fowls  produce  the 
disease,  but  have  no  effect  on  mice  and  rabbits. 

PunglUi  of  moase-fikVlls. — ^Mice  suffer  from  a  form  of  favus 
which  can  be  communicated  to'  healthy  mice  by  inoculation  of  scabs 
or  infected  skin  (Nicdlaier).  On  nutrient  agar  the  fungus  forms  a 
iMfk.  mycelium,  at  first  white,  and  later  of  a  red  or  reddish-brown 
colour.     Mice  can  be  infected  with  cultures. 

Microsporon  flirfar.-^This  fungus  occurs  in  Pityriasis 
versicolor.  Qrawitz  regarded  it  as  identical  with  Qidium  lactis,  and 
it  is  very  closely  related.  Cultivated  on  gelatine  t^e  jelly  is  hdlowed 
out  and  the  mycelial  growth  sinks  down,  and  is  yellowish  in  ooloiir. 

Oldinm  albicans. — ^Yide  Saeoharomi^eeB  aXbuxma. 

Asperginiis  glaaoas  {BuroUvm  aapergiUus  glaucua), — Mycelium 
at  first  whitish,  becoming  grey-green  or  yellow-green.  Spores 
grey-green,  thick -walled.  It  is  found  on  various  substances,  chiefly 
cooked  fruit,  and  is  non-pathogenic. 

Aspergillus  repens  {Eurotium  repens^  De  Bary). — Fruit-heads 
fewer  than  in  the  above,  which  are  at  first  pale  and  then  blue-greeii 
to  dark-green  in  colour.  Conidia  mostly  oval,  smooth,  colourless 
or  pale  to  grey-green. 

Aspergillus  flavus. — Gold-yellow,  greenLsh  and  brown  tufts. 
Fruit-heads  round,  yellow,  olive-green  or  brown.  Conidia  round, 
seldom  oval,  sulphur-yellow  to  brown  in  colour.  Saprophytic  in 
man,  pathogenic  in  rabbits. 

Aspergillus  fumigatus. — Greenish,  bluish  or  grey  tufts. 
Fruit-beads  long  and  conical.  Conidia  round,  and  rarely  oval, 
smooth,  mostly  pale  and  colourless.  This  fungus  occurs  on  bread, 
and  has  been  found  in  the  human  lungs,  external  auditory 
meatus  and  middle  ear,  and  in  the  lungs  of  birds.  The  spores 
introduced  into  the  vascular  system  of  rabbits,  or  into  the  peritoneal 
cavity,  establish  metastatic  foci  in  the  kidneys,  liver,  intestines, 
lungs,  muscles,  and  sometimes  in  the  spleen,  bones,  lymphatic 
glands,  nervous  system  and  skin. 
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Aspergillus  niger  (Eurotium  aspergillits  niger^  De  Bary). — 
Dark  chocolate-brown  tiifts.  Conidia  round,  black-brown,  or  grey- 
brown  when  ripe.  This  mould  can  be  cultivated  readily  on  bread 
moistened  with  vinegar,  on  slices  of  lemon,  and  on  acid  fruits  and 
liquids.  It  flourishes  best  of  all,  according  to  Eaulin,  in  a  liquid 
of  the  following  composition  : — 


Grammes. 

Water 

1500- 

Sugar-candy      .... 

70- 

Tartaric  acid      .... 

4- 

Nitrate  of  ammonia  . 

4- 

Phosphate          .... 

•6 

Carbonate  of  potassium     . 

•6 

„            „  magnesium   . 

•4 

Sulphate  of  ammonia 

•25 

„         „  zinc 

'07 

„         „  iron         .         .         .         . 

•07 

Silicate  of  potassium 

•07 

It  was  also  found  that  the  fungus  grew  best  when  the  liquid 
was  spread  out  in  a  layer  2  or  3  cm.  in  depth  in  a  shallow  dish ; 
and  a  temperature  of  35°  C  proved  to  be  the  most  favourable. 
The  abstraction  of  zinc  from  the  nutritive  liquid  reduced  the  weight 
of  a  crop  from  25  (the  average)  to  2  grammes,  and  the  presence 
^^  iflooooo  P*^*^  ^^  nitrate  of  silver,  or  ^^^qq  part  of  corrosive 
sublimate,  stopped  the  growth  altogether.  It  is  saprophjrtic  in  the 
living  body. 


Method  of  Examining  Aspergillus  Niger. 

Species  of  aspergillus  stain  intensely  with  carmine,  f  uchsine  or  methyl- 
violet  ;  but  to  examine  A^ergillu's  niger  with  a  high  power  a  Uttle 
special  technique  is  employed,  as  follows  : — A  drop  of  glycerine  is  placed 
on  a  clean  slide,  and  a  drop  of  alcohol  on  a  cover-glass.  With  a  fine  pair 
of  forceps  a  few  of  the  fruit-hyphs  with  their  black  heads  are  immersed 
in  the  alcohol.  The  cover-glass  is  then  turned  over  on  to  the  drop  of 
glycerine,  and  the  slide  held  in  the  flame  of  a  Bunsen  burner  till  the 
spores  or  conidia  are  dispersed.  To  make  a  permanent  preparation 
remove  the  cover-glass,  and  transfer  the  fruit-hyphae  so  treated  to  a 
mixture  of  glycerine  and  water  (1  to  5)  ;  a  drop  may  be  conveniently 
placed  ready  on  a  slide  provided  with  a  ring  of  Canada  balsam.  The 
specimen  is  then,  permanently  mounted  by  employing  a  circular  cover- 
glass,  and  surrounding  it  with  a  ring  of  cement  in  the  usual  way. 


AspergUloB  oohraoeus-^At  Jirst  flesh-colomed,  ami  theu 
ochre-yeUow  heads. 

Aspergillus  albas.— Pure-white  truit-h&i(k. 

Aspergillus  clavatus.— Chib-shaped  fruit-hends  on  long  stetas. 

Aspergillus  nidulans. — Bread  ami  potatoe*  aeqiiii-e  fi  reddiah- 
brown  coluiir.     Patliogfiiic  iu  rabbits.     Oi«urs  on  bread. 

Aspergillus  BUbfuscua.- — Thf  growth  is  olive-yellow  in  i»lour. 
Pathogenic  in   rabbits.     Oceiirs   on  bread. 

AfipergilluB  flavesoens.  —  The  growth  is  yellowish -green. 
Pathogttiic  ill  dog:*  and  rabbits.     Occurs  on  bread. 

FeniciUium  glaucum. — Uccnra  as  a  whit*,  and  later  a  blu*- 
green,  mould,  on  which  dewdike  drops  of  liqnid  may  appear.  Its 
spores  are  present  in  large  nnmbers  in  the  air,  and  are  liable 
to  contaminate  cultivations.  The  friiit-hypha  betirs  terminally  a 
numb(?r  of  liriiiiched  cylindrical  cells,  from  which  chains  of  greenish 
cxjnidiii.  are  de^-elojietl.     It  ia  the  commone,st  of  nil  moulds. 

Botrytis  Baesiana.  ^Hyphse  and  spares  colonrles^.  Hyphte 
uBuully  simple,  but  sometimes  united  in  arborescent  stems.  It  is 
the  cause  of  mueearditie,  a  fatal  disease  of  .silkwoi'ms,  and  oetrura 
also  in  various  other  caterpillars  and  insects. 

Ohlonyphe  Carteri. — Mycelial  filaments  observed  by  C'nrtar 
in  Madura  <liHease. 
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HiEMATOZOA. 

HiEMATOZOA     IN     MAN,     BIRDS      AND      TURTLES. — HiEMATOZOA      IN 
EQUINES,   CAMELS,   RATS   AND   FISH. — HiEMATOZOA   IN   FROGS. 

H.£MATOZOA   IN    MaN   (MaLARIA). 

In  1880  Laveran,  in  Algiers,  noticed  the  existence  of  peculiar 
structures  in  the  blood  of  a  patient  suffering  from  malaria,  and 
his  researches  were  communicated  to  the  Academy  of  Medicine  in 
Paris  in  1881  and  1882,  and  subsequently  published  in  extenso  in  a 
treatise  on  the  subject. 

Laveran  described  various  bodies  which  he  was  led  to  regard  as 
different  stages  in  the  life-history  of  the  same  micro-parasite.  The 
most  striking  forms  were  cylindrical  elements  with  pointed  extre- 
mities. They  were  crescent-shaped  and  pigmented  in  the  middle. 
There  were  other  forms,  more  frequently  found,  which  were  either 
free  in  the  serum  or  in  contact  with  the  red  blood-corpuscles. 
They  were  more  or  less  spherical,  pigmented,  and  endowed  with 
amoeboid  movement.  Other  forms,  again,  were  provided  with  motile 
filaments  three  or  four  times  as  long  as  the  diameter  of  a  red  blood- 
corpuscle.  And,  lastly,  there  were  little  masses  of  hyaline  material, 
which  Laveran  regarded  as  dead  forms. 

These  observations  at  first  attracted  little  attentiooL :  but  *^ 
have  since  been  confirmed  and  extended  by  Richardi  € 
Abbot,  Marchiafava  and  Celli,  Golgi,  Sternberg^  ( 
Vandyke  Carter,  Manson,  and  others,  and  Uioir 
recognised. 

The  different  forms  assumed  by  the  htematoooof 
be  described  in  two  groups :  those  within  the  vi 
and  those  free  in  the  serum. 

Intra-corpuBCUlar  bodies. — Tbmm 
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structureless  pi-otoplasmic  bodies  mneh  smaller  than,  and  ^tliin 
or  attached  to,  the  red  blood- corpusdes  (Fig.  233).  Tbese  rapidly 
change  their  shape,  exhibiting  amceboid  movement.  They  <nrer4 
first  described  by  Marchiafava  ami  Celli,  and  possibly  represent  the 
first  stage  in  the  life-hiHtory  of  the  hsematozoon,  Marchiafava  auil 
Gelli  Hiiggesteil  the  iiaino  Plasmodium  miilarise.      Second,  minute 

9  9  9  O 


Au<EBOID    FOI 
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masses  of  finely  granular  or  of  hyaline  protoplasm  enclosing  granules 
of  pigment  (Fig.  234).  These  forms  are  sometimes  present  in  large 
numbei's,  and  at  other  times  can  be  found  only  with  difficulty. 
They  are  moi'e  or  less  spherical,  but  exhibit  amffiboid  movem^ut, 
and  rapidly  change  their  form.  The  pigment  graunlea  are  also  in 
active  movement.     There  may  lie  one  or  more  of  these  amieboid 

#  0  9  c^ 

Fig.  234— PiGMKNTKn  AiKEBoro  Fobmb  (Golgi). 

bodies  to  a  blootl-corpnscle,  and  they  vary  in  aLee ;  one  may  occupy 
the  whole  of  the  corpuscle.  In  cases  of  pernicious  malaria,  similar 
bodies  may  be  seen,  iu  tissue  sections,  in  the  corpuscles  fiUing  the 
capillaries.  Third,  forms  which  appear  like  isolated  grains,  and 
larger  homogeneous  bodies  surrounded  by  clear  spaces  which  change 
in  outline. 

Extra-corpOBOOlar  bodies.— -These  are  the  most  striking,  and 
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Fig.  235.— Seut-lus.»r 

perhaps  the  most  interesting,  forms.     Firtt,  the  semi-hinar  bodies 
of  Laveran.     These  are  crescent-shaped  bodies,  sometimes   pcduted 
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at  the  extremities,  but  more  usually  rounded  off  (Fig.  235).  They 
are  not  always  curved ;  some,  indeed,  are  almost  spherical,  and 
others  sausage -shaped.  They  are  motionless.  In  many  specimens 
a  delicate  line  is  visible  on  the  concave  side  of  the  crescent  connect- 
ing the  extremities.     On  careful  examination  this  is    found  to  be 
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Fig.  236. — Rosette  Forms  with  Segmentation  (Golgi). 

the  edge  of  a  very  delicate  membrane.  The  body  is  composed  of 
homogeneous  protoplasm.  Centrally  placed  is  a  collection  of  pigment 
granules,  which  on  careful  examination  can  be  distinctly  seen  to  be 
in  movement.  The  semi-lunar  bodies  vary  in  number  in  different 
cases.  Sometimes  several  can  be  seen  in  the  field  at  the  same  time, 
and  in  other  cases  they  are  only  observed  after  a  long  and  patient 
search.  They  are,  as  a  rule,  free  in  the  serum  ;  but  they  have  also 
been  seen  within  the  red  blood-cells.  Second^  finely  granular  masses 
of  protoplasm,  which  arise,  according  to  Golgi,  from  the  intra- 
corpuscular  pigmented  bodies.  The  pigment  is  collected  in  a  rosette, 
and  the  protoplasm  by  segmentation  gives  rise  to  a  number  of  small 


Fig.  237.— Flagellated  Forms  (Vandyke  Carter). 

1.  A  flagellated  spherule ;  a,  the  same  in  the  interior  of  a  phagocyte ;  h,  free 
motile  filaments. 

spherical  forms,  which  are  ultimately  set  free  (Fig.  236).  Gk)lgi 
believes  that  these  changes  occur  in  definite  relation  to  the  develop- 
ment of  the  paroxysm.  Third,  spherical,  pear-shaped,  or  ovoid 
bodies,  rather  smaller  than  the  red  blood-corpuscles,  and  provided 
with  one  or  more  actively  motile  flagella  (Fig.  237).     These  flagella 
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are  long  lash-like  filaments,  which  by  their  activity  set  the  neigh- 
bouring blood-corpuscles  in  motion.  Free  filaments  in  active  move- 
ment have  also  been  observed.  Fowrth^  small  spherical  pigmented 
bodies  about  one-quarter  the  size  of  a  red  blood-corpuscle,  which 
exhibit  amoeboid  movement. 

Inoculation  experiments. — Marchiafava  and  Celli  assert  that 
inoculation  of  a  healthy  subject  with  blood  containing  the  parasites 
will  produce  a  paroxysm  of  ague  with  development  of  the  hsenaiatozoa. 
The  pathogenic  power  of  these  parasites,  however,  has  not  been 
established.  There  has  been  no  cultivation  of  the  parasite  outside 
the  animal  body,  and  reproduction  of  the  disease  with  a  pure  culti- 
vation. In  favour  of  its  being  a  pathogenic  organism,  Laveran 
points  out  its  invariable  presence  in  some  form  or  other  in  cases  of 
malaria ;  the  marked  changes  it  effects  in  the  red  blood-cells  ;  the 
increase  in  the  number  of  the  parasites  in  proportion  to  the  severity 
of  the  attack  ;  and,  lastly,  their  disappearance  after  the  admini- 
stration of  quinine.  Others,  again,  have  doubted  the  parasitic 
nature  of  these  bodies,  and  have  l(X)ked  upon  them  as  representing 
pathological  changes  in  the  blood-cells. 

Laveran  first  of  all  suggested  the  name  Oscillaria  malarise  ;  but 
subsequently  he  recognised  that  these  bodies  belonged  to  the  animal, 
not  to  the  vegetable,  kingdom.  Osier  has  suggested  that,  tempo- 
rarily at  any  rate,  the  organism  should  be  placed  in  the  genus 
llsematomouas  of  Mitn)phanow,  thus  :  "  Genus,  Ilffimatomonas ; 
sj)ecies,  lIa»matomonas  malaria?.  Definition  — Body  plastic ;  ovoid 
or  globose  ;  no  differentiation  of  protoplasm,  which  contaiiLs  pigment 
grains  ;  flagella  varia])lo,  from  one  to  four ;  highly  polymorphic, 
occurring  in  (1)  ania'lxiid  form,  (2)  crescents,  encysted  form,  (.3) 
8}>orocysts,  (4)  celhihir  free  pi<^niented  bodies." 

Examination  of  the  II.ematozoa  of  Laveran. 

In  the  lAv'tng  CoiKlftioii.  —  SiAoci  a  patient  by  preference  who  has  had 
several  attacks  of  malaria,  and  is  markedly  anajmic.  Examine  before  the 
invasion  of  the  febrile  paroxysm.  Take  two  perfectly  clean  cover-gla.sses 
and  two  clean  slides  ;  wash  one  of  the  fingers  of  the  patient  with  soap 
and  water,  and  then  cleanse  with  alcoliol  :  ai>i)ly  a  ligature,  and  with  a 
clean  needle  puncture  the  thin  skin  near  the  root  of  the  nail  ;  touch  the 
drop  of  blood  which  collects,  with  a  clean  slide  ;  cover  quickly  with  a 
cover-glass,  and  gently  press  it  if  the  layer  of  blood  be  too  thick. 
Examine  with  a  1*5  o.  i. 

///  Stained  PrepanitiofiM.-  Puncture  the  finger  again  if  necessary  ; 
touch  the  droplet  of  blood  with  a  clean  cover-glass  ;  apply  another  cover- 
glass ;  press  them  gently  together,  and  then  slide  them  apart  ;  stain  with 
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two  or  three  drops  of  alcoholic  solaiion  of  methylene-blae  ;  wash  oflT 
excess,  and  examine  in  water,  or  allow  the  preparation  to  dry,  and  mount 
in  balsam. 

IL£MATOZaA  OF   BiRDS. 

According  to  Danilewsky,  birds  suffer  from  malaria  in  both  an 
acute  and  a  chronic  form.  The  hsematozoa  are  very  similar  to 
those  found  in  malaria  in  man,  and  any  slight  difference  may  be> 
attributed  to  the  different  character  of  the  blood  in  birds.  Grassi 
and  Feletti  have  described  two  kinds  of  malarial  hsematozoa  in 
birds,  one  kind  belonging  to  the  genus  Hcemanuxha  and  the  other 
to  the  genus  Laverania, 

HiElfATOZOA   OF  TURTLES. 

Danilewsky  has  also  minutely  described  and  figured  hsematozoa  in 
the  blood  of  turtles,  which  in  some  stages  of  their  life  history  very 
closely  resemble  those  found  by  Laveran  in  man. 

H.SMATOZOA  OF  EqUINES  AND  CaMELS  (SuRRA   DISEASE.) 

Swra  is  a  blood  disease  occurring  in  horses,  mules,  and  camels,, 
characterised  by  fever  accompanied  by  Jaundice,  petechias  of  mucous 
membranes,  great  prostration,  and  rapid  wasting  terminating  in 
death.  The  average  duration  of  the  disease  is  about  two  months. 
No  organic  lesions  are  found  after  death,  but  a  parasite  exists  in 
the  blood  during  hfe.  By  means  of  subcutaneous  inoculation,  and 
by  the  introduction  into  the  stomach  of  blood  containing  the- 
parasite,  the  disease,  according  to  Evans,  can  be  transmitted  to 
healthy  animals.  The  importance  of  this  disease  may  be  realised 
from  the  fact  that  on  one  occasion  in  India  the  3rd  Punjab  Cavalry 
lost  no  less  than  three  hundred  horses  from  it. 

The  disease  has  not  been  observed  to  be  contagious  or  infectious 
in  the  ordinary  sense,  but  the  possibility  of  its  conveyance  by  means 
of  large  brown  flies  has  been  suggested.  These  flies  attack  the 
horses  so  vehemently  that  the  blood  frequently  streams  from  the 
bites  ;  and  the  opinion  that  they  propagate  the  disease  is  prevalent 
among  the  natives.  At  the  same  time  it  has  been  particu 
noted  that  where  the  disease  has  broken  out  the  water  was 
impure. 

Evans  discovered  a  hsematozoon,  in  1880,  in  allthedisei^ 
aiul  mules  examined  ;  in  all  diseased  camels,  with  one  e 
in  the  dogs  which  had  been  subjected  to  experimental 
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Evans  stated  that  when  he  first  discovered  the  parasite  he 
thought  it  was  a  spirillam,  hat  very  speedily  on  closer  examinatioa 
arrived  at  an  opposite  opinion. 

To  him  the  organism  presented  the  appearance,  when  fresh  aAd 
active,  of  an  apparently  round  hody,  tapering  in  front  to  form  a 
neck  and  terminating  in  a  blunt  head.  Posteriorly  he  described  a 
iapering  tail,  from  which  there  extended  a  long  slender  lash.  At 
the  head  end  there  appeared  in  one  or  two  cases  a  circlet  of 
pseudopods,  and  as  the  body  slowly  died  in  serum  it  gave  the 
appearance  of  flattening  out.  After  watching  very  closely  all  its 
changes  of  form  and  movements,  Evans  came  to  the  condusioii  that 
there  ezbted  on  either  side  of  the  body  two  fin-like  papillse,  one 
near  where  the  neck  began  lind  the  other  dose  to  where  the  tail 
hegan.  In  only  very  few  instances  he  was  able  to  see  the  four  at 
once.  He  suggested  that  these  processes  were  of  the  nature  of 
pseudopods. 

,  The  pfllrasite  he  described  as  extremely  active  in  its  movene^s, 
with  an  imdulatory,  eel-like  motion,  progressing  for  the  most  part 
head-end  foremost,  but  oocasi<mally  moving  in  the  direction  of  the 
lash  when  tugging  at  a  corpusde.  In  fresh  blood  these  organisms 
resembled  q>ermatosEoa  in  cdour ;  but  their  peculiar  characteristic 
was  the  power  they  possessed  of  attacking  and  disintegrating^  the 
red  corpuscles. 

Occasionallv  two  were  observed  to  unite  and  gwim  oflF  as  one 
body ;  but  the  mode  of  union  was  a  disputed  point.  Evans  thought 
that  they  joined  with  their  respective  heads  and  tails  in  the  same 
direction,  overlapping  each  other;  but  others  to  whom  they  were 
shown  were  of  opinion  that  they  fastened  with  their  tails  in 
opposite  directions. 

The  parasites  were  not  always  present  in  the  blood,  but  were 
observed  to  come  and  go  in  successive  broods.  Evans  referred  the 
organism  to  Lewis  for  his  opinion  as  to  its  nature.  Lewis  arrived 
at  the  conclusion  that  the  parasite  was  "  more  nearly  related  to 
that  which  he  found  in  the  blood  of  rats  than  to  any  other  " ;  but 
he  was  of  opinion  at  the  time  that  they  did  not  appear  exactly 
the  same. 

Five  years  later  Surra  broke  out  in  British  Burma,  and  Steel 
was  deputed  to  investigate  the  outbreak.  Steel  confirmed  the 
communicability  of  the  disease  to  dogs,  horses  and  mules  by 
ingestion  and  inoculation,  but  he  considerably  supplemented  Evans' 
views  as  to  the  nature  of  the  disease  by  Ciireful  thermometric 
observations  :  these  finally  led  him  to  regard  the  disease  as  a  true 


ANIMAL  MICRO-PARASITES.  595 

relapsing  fever,  closely  resembling  relapsing  fever  in  man.  At  the 
same  time  it  is  worth  recording  that  until  Steel  observed  the 
presence  of  the  parasite  described  by  Evans  he  regarded  the  out- 
break as  malarious  in  origin,  and  provisionally  termed  it  gastric 
typhoid.  In  the  Burma  outbreak,  as  in  the  Punjab  epidemic, 
considerable  evidence  was  adduced  in  favour  of  regarding  the  disease 
as  being  due  to  bad  water  supply. 

Steel  succeeded  in  staining  the  organism  with  aniline  dyes,  but 
his  description  of  the  parasite  in  the  fresh  state  differs  very 
materially  from  that  given  by  Evans. 

Steel  failed  to  recognise  the  round  body  tapering  in  front  to  a 
neck.  To  him  the  bodies  appeared  thick  in  the  middle,  gradually 
diminishing  in  size  in  either  direction,  with  a  blunt  and  rigid 
extremity  at  one  end.  The  opposite  end  he  described  as  tapering 
in  such  a  way  as  to  produce  a  subspiral  prolongation,  which  was 
uncurled  and  lashed  about  freely  like  a  whip.  This  tail  was 
described  as  slender  in  relation  to  the  general  size  of  the  parasite ; 
but  under  the  highest  power  available  the  presence  of  a  colourless 
flagellum  could  not  be  detected,  nor,  he  adds,  did  the  movements  of 
the  blood -constituents  indicate  its  existence.' 

Steel  also  failed  to  see  the  slightest  sign  of  the  two  fin-like  papillae 
on  each  dde  as  described  by  Evans — an  opinion  in  which  he  was 
supported  by  Lewis. 

These  two  observers,  Evans  and  Steel,  also  differed  as  to  whether 
the  movement  could  be  called  spiral.  Steel  felt  convinced  that  their 
movement  was  as  much  of  that  nature  at  times  as  can  be  expected 
from  organisms  with  so  open  a  corkscrew  shape;  while  Evans 
maintained  an  opposite  view.  In  the  dried  and  stained  specimens 
Steel  observed  that  they  retained  their  subspiral  form  of  body  and 
markedly  spiral  form  of  tail. 

Steel  found  that  the  disease  could  be  communicated  to  the  dog 
and  to  the  monkey,  and  then  discussed  the  resemblance  of  the  parasite 
to  the  spirillum  of  relapsing  fever  in  man. 

From  the  different  appearances  presented  by  the  parasite  when 
in  the  Hving  state  and  when  dried  and  stained.  Steel  thought  that 
there  was  probably  a  still  closer  resemblance  to  the  living  spirillum 
than  to  the  dried  and  stained  one,  and  argued  that  the  figures  of 
spirilla  like  corkscrews  must  be  purely  imaginary.  Steel,  it 
must  be  observed,  founded  these  remarks  upon  figures  in  text- 
books, and  not  on  photographs  or  on  a  practical  acquaintance 
with  the  spirillum  of  relapsing  fever.  One  cannot  refrain  from 
pointing  out  the  value  of  photomicrographs,  for  they  cannot  be 
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called  into  question ;  and  had  Steel  studied  photogritplis  of 
spirilla  he  would  not  have  regarded  the  corkscrew  appearance  a» 
iiuagiiiHi'y. 

Steel  fouud  the  pai-at>ite  in  all  cases,  aod  further  observed  tha.t 
it  appeared  as  the  temperature  i-oee  and  disapjieared  during  the 
apj-rexiftl  periodtt.  i 

From  all  these  ob^ervatioufi  Steel  concluded  as  followa  : — That 
relapsing  fever  of  mule«  is  an  invariably  fatal  disorder,  chantcterisecl 
by  the  periodical  occnrreuc©  of  attacks  of  high  fever,  during  which  n 
special  organihini  closely  reoembling  the  spirillum  of  relapniiig  fever 
in  mail  iH  fouud  in  the  blood.  This  orgauinm  is  one-sixth  the  slkb  of 
a  red  corpuscle  ui  width  and  three  to  six  times  in  length, 
eel-like,  and,  when  dried  and  stained,  presents  a  thick  portioii — the 
body — and  a  spiral  tail.  The  latter  takes  Ibhs  of  the  dye  thnii  the 
formei',  and  commences  as  a  sudden  narrowing  of  the  body,  teiriui- 
nating  by  a  fine  point.  TliiH,  he  iiudtited,  had  nothing  of  the  uature 
of  an  infuHorian  flagellnm.  The  thick  poi'tion  tapers  in  either 
direction  from  its  centre,  and  terminates  in  front  abruptly  in  h  rigid 
prixK«s,  with  probably  some  holdfast  organ.  The  sharpness  of  the 
liead  end  varies  in  different  animals.  The  body  portion  he  descrilied 
IIS  spiral,  and  so  closely  iu  general  appearanceH  to  resemble  the 
spirillum  of  relapsing  fever  that  he  conclude*!  that  the  nr^nisu) 
was  undoubtedly  a  spiral  bacterium  and  named  it  after  its  discoverer 
apiroehteta  Evansi.  ThLs  view,  however,  would  not  be  accepted  by 
Evaiks,  who  maintained  that,  whatever  it  might  be,  it  was  not  u 
member  of  the  family  of  bacteria. 

In  the  face  of  these  conflicting  opinions  Evai 
to  the  author  preparations  of  the  organism  i 
as  material  from  the  lungs  and  intestines  of 
.succumbed  tv  the  disease. 

On  examining  a  stained  prei>ai-ation  the  author  found  that 
with  a  power  of  300  fhameters  a  number  of  the  parasites  could 
be  distinguished  in  the  field  of  the  microscope,  and  with  ^  and 
y'g  o.  i.  objectives  the  individual  characteristics  were  clearly  brought 
»nit.  These  wei-e  iiuite  sufHcient  at  once  to  dispel  the  idea  of  its  being 
a  spii-illum.  It  was  obvious  that  it  was  a  more  highly  organiaed 
mici-o- parasite,  presenting  very  jieculiar  and  distiucti^■e  structural 
appearances. 

The  author  came  to  the  following  conclusions : — 

The  somewhat  tapering  central  portion,  or  Imdy,  of  the  parasite 
is  continuous  at  one  end  with  a  whip-like  lash,  and  at  the  other  end 
terminates  in  an  acutely- pointetl  stiff  filament  or  spine-like  process. 
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Here  and  there,  poHsibly  from  injury  or  want  of  development,  the 
spine-like  process  appears  to  be  blunted  or  absent.  By  very  careful 
focussing  on  the  upper  edge  of  the  central  portion,  the  author 
discovered  the  existence — much  more  markedly  in  some  of  the 
parasites  than  in  others — of  a  longitudinal  membrane  with  either 
a  straight  or  undulating  margin.  -  The  membrane  is  attached  along 
the  body,  arising  from  the  base  of  the  rigid  filament,  and  becomes 
directly  continuous  at  the  opposite  end  with  the  flagellum.  In  some 
cases  the  edge  only  is  deeply  stained,  giving  the  appearance  of  a 
thread  continuous  with  the  flagellum,  so  that  one  might  be  easily 
led  to  overlook  the  membrane,  and  imagine  that  the  flagellum  arose 
from  the  opposite  end  of  the  body,  at  the  base  of  the  spine-like 
process. 

Close  to  the  base  of  the  spine -like  process  a  clear  unstained  spot 
is  in  many  parasites  easily  distinguished ;  and  at  the  opposite  end 
there  is,  in  some,  the  appearance  of  the  deeply-stained  protoplasmic 
contents  having  contracted  within  the  faintly-stained  membranous 
investment.  When  the  longitudinal  membrane  has  a  wavy  outUne 
the  undulations  are  much  more  marked  in  some  cases  than  in  others. 
Hei'e  and  there  the  wavy  outUne  appears  first  on  the  one  side  of 
the  central  portion  and  then  on  the  other ;  but  there  never  is  any 
waving  outline  on  both  sides  of  the  same  part  of  the  body,  and  thLs 
was  explained  by  a  careful  examination,  which  showed  that  the 
somewhat  ribbon-like  parasite  had  become  doubled  on  itself.  The 
discovery  of  this  undulating  membrane  at  once  suggested  to  the 
author  an  explanation  of  the  lateral  pseudopodia  described  by 
Evans.  If  we  imagine  that  we  are  looking  down  upon  the  parasite, 
with  the  edge  of  the  membrane  towards  us,  one  can  conceive  that 
the  rapid  undulations,  first  on  one  side  and  then  on  another, 
might  give  an  image  upon  the  retina  which  could  be  construed 
as  due  to  the  protrusion  of  lateral  pseudopodia.  In  stained 
preparations  no  trace  of  the  circlet  of  pseudopods  could  be 
discovered,  and  the  undulating  membrane  may  account  for  this 
appearance  also. 

Owing  to  the  somewhat  curved  and  twisted  shape  of  the  parasite 
and  the  curling  of   the   flagellum  in   the  stained  preparations,   it 
was  difficult  to  make  exact  measurements ;  but  the  average  width 
according  to  whether  the  membrane  was  visible  or  not,  varied  fron 
1  to  2  /x,  and  the  length  of  the  body  from  20  to  30  /ti.     The  flagellui 
was  about  the  same  length  as  the  body. 

Here  and  there  in  a  stained  preparation  there  were 
already  described  by  Evans  resulting  from  the  fusion  of 
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mtefi.  Bat  the  union  obviously  took  place  by  the  non- flagellated 
ends,  for  the  two  flagella  were  frequently  turned  in  the  same 
direction,  so  that  the  fuseii  parasites  resembled,  as  Evan»  aub- 
nequeotly  suggested,  a  trophy  of  builalo  horns.  Here  and  there 
more  tbaa  two  parasitett  had  uiuted,  formiug  a,  Btell>it«  group ;  and 
in  one  ca.se  tlie  author  noticed  that  the  individuab  had  apparently 
united  with  their  iion-fiagellated  ends  just  overlapping,  so  that  the 
unstained  spot  in  one  was  just  situated  in  a  line  with  the  unstained 
spot  of  the  other. 

In  Evans's  Report,  Lewis's  opinion  is  given  that  these  paraaiten- 
differed  slightly,  but  still  were  cloeely  allied  to  pertain  flageJlated 
orgauitsmB  which  had  been  observed  by  him  in  rat*  in  India.     On 


Fid.   33B.— "SuBBa"  FAHABrTES 

(From  prepkntiODB  stained  with 
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referring  to  his  original  memoir,  it  will  bo  found  that  his  description 
and  woodcut  differed  very  inatei-ially  from  the  Surra  para^te  as 
just  described,  though  a  microphotograph  which  Lewie  had  appended 
to  the  memoir  after  it  was  written,  indicated  a  great  cdmilnrity 
to  this  organism.  To  the  author  the  organisms  appeared  not  only 
closely  aUied,  but,  as  far  as  one  can  judge  from  figures  and  dwcrip- 
tions,  morphologically  identical  with  the  parasites  described  by 
Mitrophanow-  in  the  carp,  and  as  a  matter  of  fact,  instead  of  a 
mere  resemblance,  the  rat  and  the  Surra  parasitee,  when  stiiiued, 
are  found  to  be  morphologically  identicul. 
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'  Rats. 


In  describing  the«e  orgauisms,  Lewis  rBiiiarlcei]  that  it  i 
ntmnge  thnt  they  hud  not  occupied  attention  before,  nnd  HUgg^eated 
lilt  an  explaniition  that  puudbly  European  rata  did  not  harbour  thesv 
])ai-aait«e.  The  author  examined  ii  few  white  rats,  but  without 
micuess,  and  then  proceedeil  to  examine  the  blood  of  oummoii  brown 
iiktu,  trapped  from  the  Loudon  newerii,  and  diM:overeil  Uiut  these 
oi'ganiBms  are  to  be  found  in  bo  less  than  25  per  cent,  of  apparently 
healthy  animals.  The  first  queftion  which  natiiruliy  nrutse  was 
whether  these  organisms  in  Europenn  mts  were  identical  with  those 
dettci-ibed  by  Lewia  in  IniUan  ratti. 

If  we  refer  to  the  description  given  by  Lewis,  we  find  that  he 
states  that  when  he  first  noticed  them  be  thought  they  ware  vibriofi 
or  spirilla.  The  drop  ot  blood 
under  examinntion  appertred  to 
C|uiver  with  life;  and  on  dilution 
the  blood,  motile  filaments  coulil 
be  seen  rufiliitig  throngb  the 
serum  and  tossing  tlie  blood - 
corpuscles  about  in  all  <lireotiona, 

The  tilanienta  were  pale  and 
translucent,  without  any  tmce 
of  visible  striictui-e  or  granu- 
larity, and  they  wei*  more  un- 
dulatory  iu  movement  tlian 
spirilla.  A  corpuscle  might  be 
observed  to  quiver,  and  this 
could  lie  distinctly  traced  to  be  due  to  the  ejtiKtence  of  a  flagellum, 
apparently  a  posleriirr  Jltujdlvm,  as  the  organisms  seemed  generally 
to  move  wttli  the  thicker  end  forward ;  no  flagellum  conld  be 
detected  at  the  npifoaite  etid.  The  greater  number  of  the  figurex 
in  the  woodcut  (Fig.  339)  are  described  as  representing  these 
organisms  a  few  hniu«  after  the  blood  ha<l  been  uhtniued,  when 
their  movementtt  are  not  so  rapid,  and  the  llugclhim  becomes  more 
easily  recognisable. 

Thii^observution  led  Kent,  who  named  the  organism  Ufrpetmiwnaa 
Lutriti,  to  remark  that  if,  as  Lewis  is  inclined  to  maintain,  that 
organ  "  propels  instead  of  draws  the  animalcule  through  the  in- 
babiteil  serum,  we  liure  presented  a  structural  and  functional  feature 
without  parallel  among  the  other  representatives  of  lh«te  Protosoit 
ftagelinta,  the  recognition  of  wliich  would  demand  the  creation  of  u 
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distintrt  generic  and  fmiiily  giiiu]!  for  tlie  receptiou  of  these  singular 
orgftDismR."  In  hiw  later  paper,  however,  Lewis  came  to  the  oon- 
oliisioii  that,  like  the  generality  of  flagellated  orgaoiBms,  the  rat 
piinmitee  moved  with  the  lash  in  front. 

On  ['arefiil  examtiitition  the  plasma  which  conKtitiiteil  the  thicker 
pcpTtion  of  their  substance  was  observed  to  suildeuly  swell  out  so  as 
tn  divide  the  body  into  two  parte,  as  seen  in  the  centre  of  the  ligiire  ; 
at  other  timeii  two  or  thr^e  such  constrictions  or  dilatations  were 
<letect6d,  and  at  other  times  the  body  assumed  an  arrow  shape,  as 
depicted  at  the  lower  part  of  the  tigure.  When  dried,  and  stained 
with  a  little  weak  solution  of  aniline- bine,  the  b(jdy  presented  a  very 
dillerent  appearance.  It  was  found  to  have  contracted  irregularly, 
and  to  manifest  a  somewhat  gDmiilar  and  shreddy  appeai'ance', 
.Muggestive  of  a  coagulated  fibro-albumiuous  Hubstance.  The  body 
portion  became  flattened  towards  its  middle  to  double  its  original 
width,  and  both  ends  almost  acutely  pointed,  while  the  flagellum 
was  only  partly  visible.  After  fixing  with  usmic  acid  they  nieasurecl 
0-S  to  1  /I  in  width,  and  20  to  30  ^  in  length ;  the  flagellum  wits  about 
AS  long  as  the  body :  so  that  the  total  length  of  the  orgaiusm  wait 
about  50  ft.  Lewis  detected  these  parasites  in  39  per  cent,  of  the 
species  Miis  decumanus  and  Mns  riifescens,  but  failed  to  find  them 
ill  mice.  lie  considered  that  they  had  many  features  in  common 
with  motile  organiKms  of  vegetable  ori^u ;  but  they  appeared  to 
approach  much  more  closely  to  the  Proto/xm,  more  purticiilarly 
several  of  the  species  of  Dujnrdiu's  Cercomonaa.  He  points  out 
that  many,  however,  believe  that  these  organisms  are  /oospores  anil 
not  animalcules.  To  him  they  also  seemed  to  be  not  unlike  the 
flagellated  parasite  described  by  Biitschli. 

The  latter  observer  detected  flageljateil  organisms  (Leptomuuait 
Uiitschlii)  in  the  intc-stinal  canal  of  a  free  nematode  (Ttilobutt 
gracilis).  They,  too,  form  stellate  colonias,  like  the  Surra  parasite, 
owing  to  their  being  attached  by  their  non- flagellated  ends.  When 
detached  from  thet«  colonies  they  preseutetl  a  somewhat  spindle- 
shaped  body  about  II  ^  in  length,  with  a  somewhat  thick  flagellum 
about  double  this  length,  so  that  the  total  length  of  the  protozoon 
would  be  33  ft,  or,  as  Lewis  stjites,  about  half  the  length  of  the 
flagellated  organism  in  the  rat'a  blood.  Near  the  base  of  the 
flagellum,  Btitschli's  protoitoon  presented  a  contractile  vacuole, 
but  Lewis  was  unable  to  detect  any  such  vacuole  in  the  rat 
hnmatouM. 

In  conclusion,  Lewis  observed  that  very  probably  these  organ- 
isms correeponded  with   the   vermicules  observed   by  Qow  in    the 
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blood  of  a  field  inouKe,  and  he  also  mentioiu  that  (.'liaiiseat  found 
minute  "  nematodea"  in  the  blood  of  a  blsck  rat. 

Wittich  discovei-ed  in  the  blood  of  hiiiuRt«rs  whiii-like  bodies  with 
lively  raovements.  They  resemblefl  frog's  spermatowMi,  j»oe»eSMiiig 
n  thick  portion  eoutiniied  into  a  long  lash-like  thread.  Wtttirh 
considered  them  identical  witli  the  organiKina  dencrilied  hy  Lewis,  and 
they  also  were  observed  in  apparently  healthy  animals.  Kot-li  Inter 
met  with  the  same  organisms.  '■    ■ 

Like  Lewis,  the  author  foiuid  tbiit  the  blood  of  the  uiiannn' 
brown  rat  in  England  appeare*!  t*)  quiver  with  life,  and  that  the 
parasites  were  cxtreaiely  ilifticult  to  examine  until  tlieir  movement 
was  arrested  for  a  moment  or  they  became  imprisoned  in  tho  serum 
areas.  After  esa mining  with  varions  powers,  from  a  J  di-y 
to  a  j'-j  o.  i,  of  Powell  and  Lealand,  the  author  came  to  the 
following   conclusion  : — That   they   are   ]>olymori)bic.   presenting   for 


¥10.  24a— .A  MoNAii  IH  }i.\V*  lihoai'.  Thf  orgiuiiHrn  i»  iv|>rvH-iilea  ttt  partial 
rvst  with  itn  iHjHtrriiir  tiUtiient  inipin^iig  un  a  ciir|niHi-te,  and  HliDwiug  the 
iindiilMiDg  tongitiKliiuU  nirnilirane.  thit  long  &>gflluin,  Mid  the  refractive 
npherultn  in  the  granular  protopIaHni  |  >    SOIMI). 

the  most  part  slightly  tapering  bodies  which  terminate  at  one  end  in 
astiff,  immotile,  acutely -pointed  flexible  tilameutorHpine<like  process, 
and  at  the  opposite  end  are  pnivided  with  11  long  flagellum,  while, 
longitn<linally  attached,  a  delicate  undulating  fin-like  membrane  can 
be  traced,  which  starts  from  the  base  of  the  posterior  filament,  and 
becomes  directly  continuous  with  the  liagellum  (Fig.  340). 

With  careful    illumination  the   IxKly  is  found  to  he  distinctly 
grnnidar,  with  one  or  more  highly- refractive  spherules.     When  t 
rapid  movement  is  arreat«d  the  undulating  membrane  is  distinctljrJ 
visible.      The   best   opportunity   occiira  for   seeing  thin   when   ibi 
organism   comes   to  partial   rest  with  its  stiff  filament  ttgainitt  i 
corpuscle,  as  if  to  obtain  a  pm'nt  (Fappui,  while  lashing  ite  flagel 
in  all  dii-ectii>ns(Fig.  241,  b).     At  other  times,  when  the  parHnHt 
impinged  with  ibi  posterior  extremity  against  a   corpusdM,  or 
stiff  filament  is  apparently  entangled  in  ifibrv,  the  movemeD 
the  organism  give  one  Hie  idea  of  its  en  dea  von  ring  to  set  itMsU 


603 


APFESDICES. 


but  the  author  has  not  been  able  to  persuade  himself  that  thej- 
"  attack  and  disiutegrat«  "  the  red  blood -corpuscles. 

In  the  active  state  the  thiuker  jNirtion,  or  body,  appeoro  to 
twist  and  bend  from  side  to  Bide  with  great  activity.  Tlie  organism 
ca,n  turn  completely  round  with  lightning  rapidity,  so  that  the 
Hagelluiu,  at  one  moment  loahing  in  one  direction,  is  euddenlj' 
observed  working  in  the  oppoKite  direction.  Then  suddenly  the 
organism  makes  progreaiion,  and  it  can  be  distinctly  seen  lo  move 
in  t/ie  direction  of  llie  Jia-jeUrvm,  the  Jlagellitm  thrmding  iu  letiy 
bttuyeen  Uie  ew/niaclee  and  dniwing  the  rest  of  the  orgauxam,  a/ief 
it.  Currents  set  up  by  evaporation  may  undoubtedly  here  tuKl 
there  produce  the  appearance  of  the  organism  "  wriggling  along  " 
with   its   aagi-lliim   po-^terior  ;   but  the  author  was   convinced,   nfter 


:ii.  241.~Mo.>.'.i[>f  IN  Kai's  Bi/miii,  y  ISUU,  n,  A  niuiiad  tlircuUiig  its  way  kmoOK- 
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puBcle ;  c,  angular  forma ;  d,  encysted  fonna  ;  t  and  (,  the  same  seen  edgeways. 


houra  of  patient  oboervation,  that  tu  the  normal  mode  of  progreeaioii 
the  flagellum  acts  as  a  tmctellum  and  not  ao  a  pulsellum.  By 
treating  cover-glass  preparations  with  osmic  acid  the  appearances 
obtained  are  very  similar  to  those  shown  in  Lewis's  photographs, 
so  that  there  is  no  doubt,  in  spite  of  the  descriptiouH  not  completely 
according,  that  they  ai-e  one  and  the  same  organism.  There  was  a 
great  likeness  to  the  organisms  described  by  Mitrophnnow,  and  to  the 
BuiTa  parasite  ;  and  when  the  author  had  stained  the  rat  parasites, 
the  cloKeet  esamination  confirmed  his  belief  that  they  were  morpho- 
logically identical  with  the  stained  parasites  of  Surra, 

Cover-gliia8eK  with  u  thin  layer  of  blood  may  he  passed  three 
timee  through  the  flame  of  a  Bunsen  burner  in  the  way  commonly 
I'mployed   for    examining    micro- organisjus,    and    stained    with    an 
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aqueous  solution  of  fuchsin,  methyl-violet,  or  Bismarck- brown, 
or  with  aurantia,  nigrosin,  and  other  aniline  dyes.  The  following 
method  will,  however,  be  found  most  instructive: — Use  freshly 
prepared  saturated  solution  of  fuchsin  or  methyl-violet  in  absolute 
alcohol,  and  put  a  drop  with  a  pipette  on  the  centre  of  the  prepara- 
tion ;  do  not  disturb  the  drop-form  for  a  few  moments ;  then,  before 
the  alcohol  has  evaporated,  wash  off  the  excess  of  stain.  It  will  be 
found  that  where  the  drop  rested  the  organisms  will  be  very  deeply 
stained,  while  in  the  surrounding  area  the  colour  will  vary  in 
intensity.     By  the  effect  of  the  different  degrees  of  staining  much 


Fig.  242.— Monads  in  Rat's  Blood  stainkd  wrra  Methyl  Violet,  showing 
Membeans  undbb  Diffebbnt  Aspects,  Blood-Goepuscles,  some  Cre- 

NATED  AND  STAINBD  DI8O8  (  X    1200). 

may  be  learnt  (Fig.  242).  In  one  organism  the  body  and  entire 
membrane  will  be  equally  stained ;  in  another  the  margin  of  the 
membrane  only.  In  some  the  posterior  stiff  filament  is  stained, 
and  at  its  base  a  darkly  stained  speck  is  very  striking ;  and  in 
other  cases,  again,  the  posterior  filament  is  only  faintly  tinged,  or 
an  unstained  spot  occurs  near  its  base. 

H.£MATOZOA  OF   FiSH. 

In  the  year  1883  Mitrophanow  published  a  paper  in  which  he 
gave  an  account  of  organisms  in  the  blood  of  the  mufl-fish  and  the 
carp. 

In  the  blood  of  the  mud-fish  (Cohitia  foasilia)  the  organisms  at 
the  first  glance  looked  like  minute  nematodes,  but  the  appearances 
and  changes  which  took  place  on  further  examination  showed 
nothing  in  common  with  worms  (Fig.  243).  As  a  1  per  cent.  saJf" 
solution  had  been  added  to  the  blood  under  examination,  it  oocuct 
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to  Miti-ophiiiimv  tbat  tliey  were  possibly  the  cytoioa  ii»<cribed  fay 
Gaule ;  hut  this  idea  wojn  dismissed  by  the  fiict  that  they  we 
found  in  blood  to  which  no  suit  solution  w;is  added.  Their  size 
viiried  from  30  to  40  /n  in  length  and  1  to  IJ  ^  in  width.  At  first 
their  rapid  movemente  baffled  examination,  but  ns  the  rapidity 
lessened  there  waa  the  appeai-ant-e  of  a  curling  movement  in  the 
body  portion  and  a  swinging  movement  of  the  lasb.  The  os^anisni 
moved  in  the  direction  of  the  latth,  the  anterior  end  of  the  body 
being  more  pointed  than  the  posterior,  and  gradually  fining  off  into 
the  lash.     When  the  body  spemed  to  rest,  the  liLih  might  be  Kt>«ii  to 


irbip  out  in  all  directions.  As  the  movement  uf  the  body  gradually 
diminished,  it  appeareil  to  have  a  complicated  screw  form,  the  axis 
of  the  screw  corresponding  to  the  boily  to  which  an  un<Itilati»^ 
membrane  is  fastened  spirally.  This  could  be  distinguished  when 
the  organism  was  dying,  because  the  body  in  death  contractetl,  and 
the  membrane  then  looked  like  a  spiral  addition.  Tlius  the 
oi'ganism  consieted  of  a  body,  a  spiral  membrane,  and  a  flagellum. 

With  higher  magnifiration  the  organism  appeareil  to  consist  of  n 
refractive,  strongly  contractile  protoplasmic  substance,  which,  when 
death  occurred,  formed  a  shapeless  mass.  In  the  same  blood  two 
other  forms  were  observed :  ojie  without  a  meoibmne,  but  having 
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t«'o  highly  refractive  eplienileii  iu  tlie  piiitophicm ;  Htnl  aaothei-  witli 
neither  membmne  noi-  flHgelluui,  consisting  of  vm-  gmniilHr  proto- 
plii§m  with  Bevonil  refrnctive  spherules,  iiiul  cnpnble  of  pruti'utling 
pi'oceeses  like  jisemlopodiu. 

In  the  cMirp  (Fig.  244)  the  piintsite  is  pei't-eptibly  larger,  and 
potMesees  an  undulitliiig  membrHiie  f.'tsteneJ  along  the  edge  of  the 
long  body.  When  the  body  bent  ftrwt  townrds  one  hide  and  then  to 
the  other,  u  wiive-hke  movement  whs  obser^iible  at  the  free  edge  of 
this  memb:-nrie. 

These  p,imsites  were  found  in  i.ll  t!ic  mml-lish  ^winiined  except 


Via.  2U.~0vjjasi»us  is  thk  Blooci  ok  thk  C: 
■,  HarBiutomotiai  carairii ;  if,  e,  f,  p,  h,  uthor  orgBDinnui  ii 
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one,  and  in  greater  nnmliers  iii  the  hut  months.  In  tlie  cni-p 
they  were  only  found  occasionally.  Mitrophanow  ilesci'ibed  othei- 
i-arieties,  which  he  considered  wei-e  possibly  not  complete  organisms, 
hut  developmental  forms.  He  consiilereil  that  those  ofgntiisms  were 
infiisorift  between  the  geuevii  Oei'comonas  and  Ti'ichomonas,  with 
^reiit  .similarity  to  the  Ti-ichomonas  desci'ibe<l  in  the  Liebevkniiu's 
glands  of  fowls  and  ducks  (Ebei-th). 

On  account  of  their  special  habitat,  Miti-oplkanow  snggetited  a 
new  genus — Hematoinonas,  detintug  this  genus  >^  follows :  —Parasites 
of  normal  fiwh-blood,  worm-like,  actively  movitig  organisms,  with 
indistinct  diffei-en  lint  ion  o(  lioily  jmrenchymM.     Boilie>  puinteil   at 


both  ends,  30  to  40  ft,  long  and  1  to  1  j  ^  wide.     Mtiy  poeaeeB  i 
front  a.  flagelliim,  and  on  one  Hide  an  undulating  membrane. 
Species  :— 

H«matomoiiaa  cobitis. — Body  provided  with  a.  spiml  membru-ne 
and  a  flagellum  at  tlie  fore-end.  Parenchyma  of  body  homogeneous. 
Second  variety,  body  and  fiagellum  only.  Movement  undulatoty, 
body  containing  highly  refractive  spherules.  Third  variety,  plasma- 
like  body,  without  membrane  or  flagellum ;  quickly  changes  form 
by  sending  out  processes  laterally,  and  contains  two  to  four  refi-acuve 
Bphpi-uies.     Blood  of  mud-fish. 

Hffimatomonas  caruKaii. — Long  bodies,  with  narrow  membrniie 
attached  along  the  whole  length ;  less  actively  motile.  Several 
forma  also  observed  strikingly  smaller  than  the  above ;  many  disc- 
Eha])ed.  Often  seen  attached  to  a  red  corpnscle,  setting  them  in 
motion  by  their  mo^emente.     Blood  of  carp. 

The  morphological  identity  of  the  rat  and  Surra  parasites  lias  been 
established  by  the  author,  aud  both  spem  morphologically  identical 
with  the  organism  of  Mitrophanow.     If  we  follow  Mitrophanov,  we 
must  obviously  enlarge  his  geims  of  Hfematomonos.    The  anthor  doaa 
not  agree  with  Miti-ophanow  in  the  advisability  of  adopting  this 
entirely  new  generic  name,     Mitrophanow  suggested  thiH  new  term 
because  of  the  special  habitat,  normal  fish-blood,  of  the  species  he 
discovered.     Btit  the  characteristic  features  of  these  organisms  are  the 
characteristic  marks  of  the  gemiB  Trichomouan.     It  seems,  therefore, 
that  they  ai-e  embraced  by  the  old  genus  Trichomonas,  and  that  there 
is  no  need  t<i  create  a  new  one — Hseraatomona*.    The  common  habitat 
of  these  species  may  be  expressed  by  grouping  them  together  in  one 
sub-geuus^Tiichomonas  sangiunis  ;  but  the  quastion  arises  whether 
they  are  distinct  species.     If  it  were  not  for  the  diiferent  description 
given  by  Mitrophanow  of  the  organism  in  the  mud-fish,  the  author 
would  be  inclined  to  say  that  all  these  organisms  belonged  to  one  and 
the  same  species,  which  might  well  be  named  Trichomonas  sanguinia. 
The  monad  in  the  rat  and  the  Surra  parasite  are  morphologically 
identical  with  each  other,  and  both,  as  far  as  one  fan  judge  from 
the  description,  morphologically   identical    witli    the  monad  in  the 
blood  of  the  cai'p.     We  have,  however,  seen  that  the  organism  in 
Surra  is  believed  to  be  pathogenic,  and  too  much  htress  must  not  be 
laid  on  morphological  identity.     There  is  strong  evidence  in  favoui* 
of  helieviiig  in  its  pathogenic  properties ;  but  at  the  same  time  it 
must  be  borne  in  mind  that  the  organism  has  never  lipeii  isolated 
apart  from  the  blood,  aud  the  disease  then  produced  by  ita  introduc- 
tion into  healthy  animals.     It  its  quite  possible  tliat  the  parasitee  in 
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Surra  are  only  associated  with  the  disease,  the  impoverished  blood 
affording  a  suitable  nidus  for  their  development,  while  the  con- 
taminated water  may  be  the  common  source  of  tlie  organism  and  of 
the  disease.  On  the  other  hand,  the  organism  in  the  rat  is  found  in 
apparently  perfectly  healthy,  well-nourished  animals.  The  author 
fiuggf  sts  that  the  parasites  observed  in  the  rat  and  hamster  should 
be  named  after  Lewis,  Trichomonas  Lewisi;  the  organism  in  the 
mule,  camel  and  horse  after  its  discoverer,  Trichomonas  Evansi ; 
and  that  the  names  Trichomonas  cobitis  and  Trichomonas  carassii 
should  be  substituted  for  the  names  of  the  species  described  by 
Miti*ophanow.     Thus  we  should  have  added  provisionally  to  the 

Genus — Trichomonas. 

Sub-genus — Trichomonas  sanguinis.  Definition  :  Elongated 
tapering  bodies,  provided  with  a  spiral  {T.  cobitis),  or 
longitudinal  (T.  carassii,  Leunsi,  Evansi)  membrane,  ter- 
minating in  a  rigid  filament  and  an  anterior  flagellum. 
Highly  polymorphic.     Habitat,  the  blood. 

Species. — Trichomo7Uis     cobitis     {Hcematomonas     cobitis 

Mitrophanow) — Mud-fish. 
Trichomonas   carassii    {Hamiatomonas    oarassii 

Mitrophanow) — Carp. 
Trichomonas    Lewisi     {Herpetom^onas      Leurisi 

Kent) — Rat,  hamster. 
Tinchomontu       Evansi — {Spirochceta       Evansi 

Steel) — Horse,  mule,  camel;  (pathogenic?). 

HjOffATOZOA   OF  THE   FrOO. 

Lankester  described  an  organism  which  he  had  diHX)vered  in  the 
blood  of  the  frog  (Rana  esculenta).  It  consisted  of  a  minute  pyri- 
form  sac,  with  the  narrower  end  bent  round  on  itself  somewhat 
spirally,  and  the  broader  end  spread  out  into  a  thin  membrane, 
which  exhibited  four  or  five  folds  and  was  prolonged  on  one  side  into 
a  very  long  flagellum.  The  wall  of  the  sac  was  striated,  nucleated 
and  granular ;  the  membrane  undulated  during  life,  and  the 
flagellum  was  also  motile.  It  was  named  UnduUna  ranarum^  bat 
subsequently  recognised  as  idnetical  with  Trypanosoma  aangmm$ 
described  by  Gruby.  In  the  same  blood  Lankester  also  diacxnren  * 
little  oblong  bodies,  in  many  cases  attached  to  the  end  of 
corpuscles,  and  suggested  a  genetical  connection  with  tlie 
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One  or  more  motionless  filaments  were  occasionally  observed  attached 
to  these  bodies.  Gaule  subsequently  observed  the  same  bodies,  and 
regarded  them  as  resulting  from  the  metamorphosis  of  the  cells  of 
the  frog's  blood.  Gaule's  observations  were  refuted  by  Lankeeter  in 
1882,  the  parasitic  nature  insisted  upon,  and  the  organism  named 
Drepanidium  ranarwm,  Lankester  suggested  that  they  i^ere 
probably  the  young  stage  of  a  sporozoon  allied  to  Sarcocystia  or  to 
Coccidiuvi 
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PSOROSPERMS  OR  COCOIDIA.— AMOEBA  GOLI. 

PSOBOSPERMB  OR  CoCCIDIA. 

Greyish- WHITE  nodules  may  occasionally  be  found  in  the  liver  of  a 
rabbit,  the  result  of  a  disease  which  may  be  mistaken  for  tuber- 
culosis. This  disease  often  proves  fatal,  and  may  occur  in  an 
epidemic  form  in  rabbit  warrens.  The  nodules  have  cheesy  or 
purulent  contents,  which  are  found,  on  microscopical  examination, 
to  contain  great  quantities  of  Coocidium  oviforme. 

The  coccidia  pass  from  the  intestine  into  the  bile-ducts.  The 
walls  of  the  bile -ducts  become  dilated  and  folded  ;  and  irregular 
cavities  result  from  the  partial  or  complete  disappearance  of  the 
dividing  walls  of  the  altered  ducts.  The  folds  are  composed  of 
connective  tissues  lined  with  columnar  epithelium,  and  the  coccidia, 
in  different  stages  of  development,  are  found  between  the  cells,  and 
free  in  the  cavities  of  the  nodules. 

The  individual  coccidia  are  egg-shaped  bodies.  They  possess  a 
thick  smooth  shell,  with  an  opening,  or  niicropyle^  at  one  end,  and 
protoplasmic  contents  which  may  completely  fill  the  capsule  or  be 
collected  into  a  spherical  mass. 

After  passing  from  the  liver  and  intestine,  these  oval  bodies 
undergo  a  further  development.  According  to  Leuckart,  who  has 
very  fully  described  this  parasite,  the  protoplasmic  contents  divide 
into  four  masses,  and  from  each  is  developed  a  0-shaped  hyaline 
rod,  the  cavity  of  which  is  occupied  by  closely  packed  granules.  In 
this  condition  they  remain  until  they  gain  access  to  a  fresh  host. 

Coccidium  oviforme  has  been  found  in  the  human  liver,  and  also 
in  sheep,  dogs,  and  cats.  Similar,  but  not  identical,  bodies  occur  in 
mice,  and  also  in  fish  and  other  cold-blooded  animals. 

Mieacher'a  tubes  are  peculiar  structiu:es  found  in  swine,  cattle, 
sheep,  deer,  and  mice.  They  consist  of  a  firm  envelope  inclosing  a 
number  of  reniform  or  bean-shaped  bodies. 
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Pfmffet^a  bodies. — Pfeiffei"  has  descnbed  certnin  uppearanoes 
which  he  attributes  to  cocridiii,  in  epithelial  cells  in  small -pox, 
vaccinia,  and  other  vesicular  diseases.  They  are  probably  only 
derived  from  the  cell  nucleus,  and  are  not  parasites. 

Ga-noer  hodiea.—ln  sections  of  malignant  growths  stained  by 
aniline  dyes,  cerbiin  bodies  have  been  found  and  minutely  describetl 
and  figured  by  various  investigators,  and  a  causal  relation  sug- 
gested. Dtirier  lirst  described  bodies  like  cysts,  with  spores,  in 
Paget's  diseoiie  of  the  nipple.  Wickham  found  similar  structures 
and  figured  them.  Nils  Bjobriug  described  a  cancer  parasite,  and 
illustrated  his  researches  with  plates.  Russell  drew  attt-ntion  to 
certain  bodies  in  cancerous  tumours,  with  a  great  uflinity  for 
fueheine.  Simdakewitch,  PodwysHozki,  Sawtscbenko,  Buffer,  and 
Walker  have,  among  others,  contributed  to  the  literature  of  the  so- 
called  caucer  parHsites.  Thetie  bodies  appear  in  the  form  of  ref  ractile 
spherical  elements,  which  stain  well  with  reagents,  such  as  the 
EhrKch-Biondi  stain.  Sections  are  left  in  this  stain  for  twenty-four 
houi-s,  washed  in  alcohol,  cleared  in  xylol,  and  mounted  in  xylol 
balsa m.  The  spherical  bodies  have  sometimes  a  radiate  appeai-aiice. 
These  bodies  have  not  been  cidtivated,  and  inoculation  ez|ierimeiits 
with  cancerous  tissue  have  been  negati^'e.  The  opinion  is  now  v*?rv 
geiieriilly  held  that  these  Inxlies  are  not  parasites,  but  that  changes 
occur  id  th,-  i-,-)ls  ami  niii-ln,  resulting  in  tlio  formation  of  peculiur 
structures,  which  have  been  brought  to  hght  by  the  use  of  aniline 
dyes  and  complex  staining  methods.  We  are  justified  in  coucludinK 
that  the  cause  of  cancer  is  unknown. 

Ballance  and  Shattock  have  made  repeated  attempts  to  cultivate 
parasitic  protozoa  from  malignant  tumours,  and  they  have  extended 
their  researches  to  vaccinia  and  mollaacmn  coiUagiosum,  but  with 
negative  results.  Sand  and  water  were  used  as  the  mediiun  for 
these  experiments.  Cultivations  were  made  from  nine  scirrhous 
carcinomata  of  the  breast,  five  sarcomata  from  different  sources,  two 
melanotic  sarcomata  from  horses,  and  a  sarcoma  from  a  dog.  lu 
every  instance  the  result  was  negative.  No  traces  of  protozoic  life 
could  be  found,  in  spite  of  examinations  at  regular  intervals,  and 
repeated  for  periods  of  many  months. 


Losch,  Grassi,  Kartulis,  and  others  have  described  an  amoeba  In 
the  intestines  of  patients  suffei-iug  from  dysentery.  Losch  adminis- 
tered the  fresh  dejecta  of  a  patient  containing  the  amcebu  to  dogs. 
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'  and  in  one  case  a  mucous  masa  wafl  passed  containing  a  oumber 
of  amcebse.  Eighteen  days  afterwards  the  dog  was  killed,  and  the 
mucous   membrane  of    the  intestme   was  reddened,   swoUen,   and 
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ulcerated  in  three  places.  The  mucus  in  the  rectum  and  in  the 
idcers  contained  numerous  amoebK.  Cunningham,  who  has  found 
the  amtebffi  in  choleraic  and  other  cases,  and  in  the  intestine  of  the 
cow  and  horae,  does  not  attach  any  importance  to  their  presence. 
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APPARATUS,   MATERIAL,  AND    REAGENTS   EMPLOYED 
IN  A   BACTEEIOLOGIOAL    LABOBATORY. 


(A)  illSTOLOOICAL  Appsratl's. 

MlorOBCOpfi. — For  the  uivestig)vtion  of  micro- orgiitiiRms  a  good 
iaicroscoi>e  witli  oil-immersioD  system  uud  u  condeuber,  such  aa 
Abba's,  is  essential.  Such  instruments  lire  supphetl  by  Zeiss,  Lieitz, 
Reichert  &  Hiirtnack  in  Gerinftny,  and  PowelJ  &  Ijealand,  Swift 
■it  Baker  in  Enghmd.  Zeiss  siippli««  a  micrometer  eyepiece,  with 
directiona  for  use.  Some  such  ari-angemeiit  is  essential  for  the 
medsurument  of  hactcrin,     Othvr  uccessorios  to  the  microsnope  are: 

A  large  beU-glaBi,  for  covenng  tlie  microscope  when  not  in  ose. 

About  a  foot  square  of  blackened  plate-gluB. 

A  white  porcelain  slab  of  the  same  size. 

Glass  bottles,  with  ground-glass  stoppers,  for  aloohoUc  eolutiona  of 
anihne  dyes,  etc. 

Glass  bottles,  with  funnels,  for  aqueous  solutions  of  the  dyes,  and 
others  provided  with  pipettes. 

A  smalt  rod-stoppered  bottle  of  cedar  oil.  This  is  recommended  by 
Zeiss  in  preference  to  other  oik  for  his  immersion  lenses. 

Set  of  small  glass  dishes  or  capsules  aud  watch-glasses,  for  seotioQ- 
staining,  etc. 

Stock  of  best  glass  shdes,  in  packets  of  fifty. 

Several  boxes  of  round  and  square  thin  cover-glasses,  in  vsrioas  uEea, 
of  the  best  quality. 

Needle-holders,  with  a  conple  of  platinum  needles,  and  a  packet  of 
ordinary  sewuig-needles. 

Glass  rods  drawn  out  b)  a  fine  point ;  useful  for  manipulating  sections 
when  acids  are  employed. 

Platinum  or  plated  copper  section -lifters. 

One  pair  of  small  brass  or  spring-ateel  platinum-pointed  fonseps,  for 
holding  cover-glasses. 

One  pair  of  brass  tonga. 
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ColUpaible  tnbM,  for  oonUuniiig  Can&da  b«Uraui ;  vorjr  wrricMblo  for 
transport  and  general  nae. 

Turn-table  for  Moling  cover-glaai  preparalionB,  with  rings  of  cement. 

Uoxea  for  prepamtiona,  book-form. 

Tickets  and  labels,  varioaa  aiiei. 

Soft  rags  or  old  pocket-handkerobiefs,  for  removing  cedar  oil  from 
immersion  lens,  cleaning  cover-gUsies,  etc 

Chamois  leather  for  wiping  lenses. 

Wami  Stages. — In  addition  to  those  already  described,  SchSfer 
and  Strieker  have  constructed  warm  stages  for  accurate  obeervatioos. 
Schafer's  apparatus  consists  of  a  vessel  (/),  filled  with  water  which 
has  been  boiled  to  expel  the  air,  and  heated  by  means  of  a  gas-flame 
at  g.     The  warmed  water  ascends  the  indiarubber  tube  (c)  to  the 
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brass  box  (a).  The  box  is  pierced  by  a  tubular  aperture  to  admit 
light  to  the  object,  and  has  an  exit  tube  (c*),  by  which  the  cooled 
water  from  the  stage  returns  to  be  reheated  by  the  flame  g.  At  d 
is  a  gas- regulator,  so  that  a  constant  temperature  at  any  desired 
point  can  be  maintained. 

Strieker's  stage,  in  which  warm  water  or  steam  can  be  used  for 
heating,  and  by  the  employment  of  iced  water  also  used  for  observing 
the  effects  of  cold,  is  shown  in  Fig.  247.  It  consists  of  a  hc^ow 
rectangular  box,  with  a  central  opening  (C)  permitting  the  [ 
of  light.  The  water  makes  its  exit  and  entrance  at  the  aida  < 
(a,  a),  and  the  temperature  is  indicated  by  a  thermotnctar  1' 
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A  more  complicated  apparatus,  combining  both  a  -warm  stage 
and  a  gas  chamber,  is  shown  in  Fig.  248.  This  consists  of  a  rect- 
angular piece  of  ebonite  (E  E)  fixed  to  a  brass  plate  'which  rests 
on  the  stage  of  the  microscope.  On  the  upper  surface  of  the  ebonite 
is'another  brass  plate  (P\  with  an  aperture  (C)  leading  into  a  brass 
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Fig.  247.— Stbickkr's  Warm  Stage. 


tube  closed  below  by  a  piece  of  glass.  To  heat  the  apparatus  the 
copper  wire  B  is  placed  on  the  tube  a,  and  its  extremity  heated  by 
the  flame  of  the  lamp.  The  nearer  the  lamp  to  the  stage  the  higher 
the  temperature,  which  is  indicated  by  the  thermometer  {t).     To 
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Fig.  248.— Stricker's  CJombinkd  Gas  Chamber  and  Warm  Stage. 

employ  it  as  a  gas  chamber  the  wire  B  is  laid  aside,  and  the  gas 
is  conducted  into  the  chamber  by  the  tube  a',  and  escapes  by  the 
tube  a. 

Microtome. — Sehanze*8  is   much    in   favour  in  Germany,    but 
Jung's  of  Heidelberg,  though  a  somewhat  cumbrous  instrument,  is 
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preferred  bj  many  workers.     Smaller  accessories,  wh^h  should  be 
within  reach,  are — 

A  small  can  of  sewing-machine  oil. 

A  soft  rag  and  chamois  leather,  for  wiping  the  knives  immediately 
after  use. 

Stone  and  leather,  for  setting  and  sharpening  the  same. 
Two  or  three  camel's-hair  brushes. 

A  freezing  microtome  is  very  useful :  such  as  Swift's,  which  is 
used  by  the  author;  and  the  method  of  embedding  in  oelloidin  is 
combined  Avith  the  ordinary  process  of  freezing. 


(B)  Reagents  and  Material  Employed  in  the  Processes  of 
Hardenino,  Decalcifying,  Embedding,  Fixing  and  Cuttino 
OF  Tissues. 

Alcohol,  absolute. 

Bergamot  oil. 

Celloidin. 

Dissolved  in  equal  parts  of  ether  and  alcohol. 

Cork,  or  stock  of  ready-cut  corks. 

Ebner's  solution.    A  mixture  in  the  following  proportions  : — 

Hydrochloric  add  .......  '5 

Alcohol ,100 

Distilled  water 20 

Chloride  of  sodium 5 

Formalin. 

Gelatine. 

Melted  in  a  small  porcelain  capsule,  and  set  aside  ready  to  be 
re-melted  when  required  for  use. 

Glycerine  gelatine  (Elebs). 

Best  well- washed  gelatine 10 

Add  distilled  water,  allow  gelatine  to  swell  up,  pour 

off  excess  of  water,  melt  gelatine  with  gentle  heat, 

add 

Glycerine 10 

Lastly,  a  few  drops  of  phenol  for  preservation. 

Gum. 
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Klfllnenberg's  solntion. 

Saturated  watevy  Holutiou  of  picric  acid  lOO 

Sti-ong  siilpliiii'ic  acid    ......  2 

Filter,  and  add 

Distilled  water 30O 

Uuller's  fluid. 

Bichromatit  of  potash 2 

Sulphate  of  Hodium        ......  1 

Distilled  water lOU 

Osmic  acid. 

Di8tille.i  water 100     , 

Osmii;  acid     ........  "5 

Paper  trays  (or  ^inull  glass  capaules], 

Faraffine. 

Spermaceti. 

Xylol. 

(C)  RBAGKNTa  FOR  ExaiiiNiKO  and  Stainino  MiCRoacopiCA):. 
Peepakatiosb. 

1.  Acetic  acid,  strong. 

2.  Alcohol,  absolute. 

3.  Alcohol,  60  per  cent. 

4.  Alcohol,  acidulated. 

Alcohol 100 

Hydrochloric  acid       ......  1 

5.  Alum  Carmine  (Orenacher). 

Carmine 1 

Five  per  cent,  solution  of  alum  .         .         .     100 

Boil  twenty  minutes ;  filter  when  cold. 

6.  Ammonia,  strong. 

7.  Aniline. 

8.  Aniline  water. 

Distilled  water lOO 

Aniline 5 

Shake  well,  and  filter  emulsion. 


APPARATUS,  MATERIAL,  AIH)  REAGENTS.  617 

9.  Bismarck-brown. 

(a)  Concentrated  solution  in  equal  parts  of  glycerine  and  water. 

(6)  Aqueous  solution. 

Bismarck-brown  2 

Alcohol 15 

Distilled  water 85 

10.  Borax-carmine  (Grenacher). 

Borax     ........         2 

Carmine ........         5 

Distilled  water 100 

To  the  dark  purple  solution  add  a  5  per  cent,  solution  of  acetic 
acid  until  a  red  colour  is  produced  ;  set  aside  twentj-four  hours ; 
filter,  and  add  a  drop  of  carbolic  acid. 

11.  Cedar  oiL 

12.  Ehrlich-Biondi  solution  (Heidenhain). 

To 

Saturated  aqueous  solution  of  Orange.  G.  .100 

Add 

Saturated  aqueous  solution  of  Rubin.  S.   .         .20 

„  „  „  Methyl-green.  00.    50 

To  the  mixture         ......         1 

Add  water 100 

13.  Eosin. 

(a)  Saturated  alcoholic  solution. 

(b)  Aqueous  solution. 

Distilled  water.        .  .  .100 

£o8in       ........         5 

14.  Ether. 

15.  Fnchsine. 

(a)  Saturated  alcoholic  solution. 

(6)  Aqueous  solution. 

Fuchsine.         .......         2 

Alcohol   .         .         .         .         .  .         .15 

Water 85 

16.  Gentism-violet. 

(a)  Saturated  alcoholic  solution. 

(b)  Aqueous  solution. 

Gentian-violet.         ...  .         .         2*25 

Distilled  water 100 
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17.  Oibbes'  solution,  for  doable  stedning. 
Take  of 

Rosamline  bydrtwljiortite .... 

Methyleue-blue 1 

Triturate  in  a  glass  mortar. 

DisBoIve  aniline  oil  .  .....  3 

lu  rectified  spirit      ......        15 

and  add  slowly  to  the  above. 
Lastly,  slowly  add  distilled  water     .  .        15 

Keep  in  stoppered  bottle, 

18.  Glycerine,  pure. 

19.  Hiematoxylin  solntion. 

HiematoxyUii   ,.,,...  2 

Alcohol 100 

Distilled  water 100 

Glycerine          .......  lOO 

Alum 2 

20.  Iodine  solution. 

Iodine,  pure     .......  I 

Iodide  of  potassium  ......  2 

Distilled  water BO 

21.  Iodine  solution  (Gram). 

Iodine I 

Iodide  of  potassium  ......  2 

Distilled  water 300 

22.  Lithium-carmine  solution  (Ortb). 

Saturated  solution  of  carbonate  of  lithium  100 

Carmine 2-6 

23.  Magenta  solution  (Oibbes). 

Magenta ........  2 

Aniline  cdl        .......  3 

Alcohol  (sp.  gr.  -830) 20 

DistUled  water 20 

24.  Methylene-blue. 

(a)  Concentrated  alcoholic  solution. 

(b)  Aqueous  solution. 

Methyleno-blue         ......         2 

Alcohol    ........       15 

Water 85 
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{c)  Koch's  solution. 

Concentrated  alcoholic  solution  of  methylene-blue  1 

Ten  per  cent,  potash  solution    ....  2 

Distilled  water 200 

{d)  Loffler's  solution. 

Concentrated  alcoholic  solution  of  methylene-blue      30 
Solution  of  potash,  1  to  10,000  .  .100 

25.  Methyl-Violet. 

(a)  Concentrated  alcoholic  solution. 

{b)  Aqueous  solution. 

Methyl-violet 2-25 

Distilled  water 100 

(c)  Koch's  solution. 

Aniline  water 100 

Alcoholic  solution  of  methyl-violet    .  .11 

Absolute  alcohol      .  .  .10 

26.  Neelsen's  solution. 

Dissolve  fuchsine      ......         1 

In  alcohol .10 

Add  a  5  per  cent,  watery  solution  of  carbolic  acid     100 

27.  Nitric  acid,  pore. 

28.  Oraeille  (Wedl). 

Dissolve  pure  ammonia-free  orseiUe  in 

Absolute  alcohol 20 

Acetic  acid 5 

Distilled  water 40 

until  a  dark  red  liquid  results.     Filter. 

29.  Picric  acid. 

(a)  Concentrated  alcoholic  solution. 

(b)  Saturated  aqueous  solution. 

30.  Picro-carmine  (Ranvier). 

Carmine ........  1 

Distilled  water 10 

Solution  of  ammonia        .....  3 
Triturate ;  add  cold  saturated  solution  of  picric 

acid 200 
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31.  Ficro-lithium-carmine  (Orth). 

To  above- mentioned   litliium-uarnjine  solution 

add  saturated  solution  of  picric  acid  2'3 

33.  Potash  Bolution. 
(a)  1  to  3     per  cent. 

m      10  „  ., 

(c)  33    ,.      ,. 

33.  aa&anine. 

(a)  Concentrated  alcoholic  .solution. 

(6)  Watery  solution 1  per  cent, 

31.  Sulphuric  acid,  pure. 

35.  Salt  solution 08  [wr  cent, 

36.  Turpentine. 

37.  Vflfluvin. 

(«)   Concentrated  nlcoholic  solution, 
(6)  WatJsry  .solution. 

Water,  diatiUed. 
Water,  steriliBed. 

Distillml  wiit^^r  ran  be  kept  for  uh6  in  a  wash  l)ottle,  or  far 
better  iu  a  tuphuu  apparatus.  Sterilise*!  water  is  convenieitt  in 
plugged  sterile  test-tubes,  which  may  be  kept  close  at  hand  in  a 
beaker,  or  tumbler,  with  a  pad  of  cotton  wool  at  the  bottom.  The 
numbered  reagents  can  be  conveniently  arranged  on  shelves  within 
eaey  reach.  Alcoholic  solutions  of  the  aniline  dyes  and  other  special 
preparations  should  be  kept  in  bottles  with  ground-glass  stoppers  _ 
Aqueous  solutions  of  the  dyes  may  be  kept  in  bottles  with  funnel 
filters,  and  the  solution  filtered  before  use.  To  both  aqueous  ant) 
alcohohc  solutions, a  few  drops  of  phenol,  or  a  crystal  of  thymol, 
should  be  added  as  a  preservative.  For  the  rapi<l  st»iniag  of  cover- 
glass  preparations,  it  b  convenient  also  to  have  the  most  frequently 
used  stains  (fachaine,  methyl -violet)  in  bottles  provided  with  pipetta 
stoppers. 

(D)  Beaoents  for  Mountisg  and  Presebvino  Prepahatiokb. 

Acetate  of  potash. 

Concentrated  solution. 
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Canada  balsam. 

Dissolved  in  xylol. 

Glycerine  gum  (Farrant's  solution). 

Glycerine. 

Water. 

Saturated  solution  of  arsenious  acid. 

Equal  parts  ;  mix,  and  add  of  picked  gum  arabic  half  a  part. 

HoUis'  glue. 

iZinc-white. 

(E)  Drawing  and  Photographic  Apparatus. 

Camera  Lucida. — The  camera  lucida  of  Zeiss  is  an  excellent 
instrument,  though  many  prefer  the  pattern  made  by  Nachet  of 
Paris.  Combined  with  the  use  of  a  micromillimeter  objective,  it 
afToi*ds  also  a  simple  method  for  the  measurement  of  bacteria. 

For  drawing  microscopical  appearances,  and  for  illustrating 
microscopical  specimens  with  or  without  the  use  of  a  camera  lucida, 
the  following  materials  should  be  within  reach  : — 

Pencils. 

Etching  pens. 

Prepared  Indian  ink. 

Water-colour  paints  and  brushes. 

Ordinary  and  tinted  drawing  paper  and  other  usual  accessories. 

Photo-micrographic  Apparatus. — Zeiss  of  Jena,  Seibert  & 
Kraft  of  Wetzlar,  Nachet  of  Paris,  and  Swift  &  Son  of  London,  may 
all  be  recommended  for  constructing  an  arrangement  in  which  the 
photographic  camera  is  combined  with  the  microscope. 

The  best  models  have  been  described  fully  in  the  chapter  on 
Photography  of  Bacteria.  The  accompanying  figure  (Fig.  249) 
illustrates  a  model  in  which  the  microscope  is  used  in  the  vertical 
position. 

For  illumination  either  sunlight  or  artificial  light  may  be  em- 
ployed. In  the  case  of  sunlight  a  heliostat  is  necessary  to  procure 
the  best  results  ;  but  as  sunlight  is  not  always  available  by  day,  and 
it  is  also  more  convenient  for  many  to  work  at  night,  it  is  better  to 
have  recourse  altogether  to  artificial  light.  Excellent  results  may 
be  obtained  with  an  ordinary  paraffine  lamp,  or  with  magneelum. 
oxy calcium,  or  electric  light. 
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(F)  Sterilisatiok  AppAitATus, 

steam-steriliser.— A  cylindrical  vessel  of  tin  about  half  a.  u 
□r  more  in  height,  jacketeil  with  thick  felt,  aud  provided  with  a 
conical  cap  or  lid  (Fig,  250).  The  Kd  is  also  covei-ed  with  felt,  has 
handles  ou  either  side,  and  is  [tBrforuted  at  the  apex,  to  receive  a 
thermometer.  Inside  the  vessel  is  an  iron  gratuig  or  diapliragm 
about  two-thirds  the  wny  down,  which  divides  the  inteiior  into 
two  chambers — the  upper  or  "  steam-cliainbor,"  and  the  lower  or 
"  water-chamber."  A  gauge  outt^ide  marks  the  level  of  the  w&t»- 
in  the  lower  chamber ;    this  should  be  kept  about  two-thirds  full. 
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TLe  appnnttus  stands  itjwti  three  legs,  and  ts  hetiled  from  below  with 
two  or  three  Bunsen  biivuers,  or  n,  Fletcher's 
burner.  It  is  employed  for  sterilising 
nutrient  mediu  In  tubes  or  dasks,  for  cookiog 
potatoes,  or  haatening  the  filtration  of  ngnr- 
iigar.  When  the  thermomoter  indicntes 
100"  C.  the  lid  is  removed,  nud  t«at-tulies 
are  lowei-ed  in  a  wire  basket  by  meHDR  of 
11  hook  and  string,  and  the  ltd  (juickly  re- 
placed. Potatoes  or  small  flusks  ai-e  lowered 
into  tlie  cyUnJer  in  a  tin  receivir  with  a 
perforated  bottom,  which  rests  upon  the 
grating  and  admits  of  its  contents  being 
exposed  to  the  steiiin.  A  liirger  motlel  is 
shown  in  Fig.  .1.1. 

Hot-air  Steriliser. — A  cubical  cbest  of 
slieet  ii-on  with  double  walls,  8ilppoi1«d  on 
four  legs  ;  it  may  also  be  suspended  on  the 
wall  of  the  laboratory,  with  a  sheet  of 
aabefitoa  intervening  (Figs.  251  and  262). 

s  heated  with  a  rose  gas-burner  from 
below,  and  the  temperature  of  the  interior  in- 
dicated by  a  thermometei'  inserted  through  .  •  j  *  t  -p  ^  » 

a  hole  in  the  roof;  in  a  second  opening  a  ~' 

gits  regulator  can  be  fixeil.     Test-tubes, 

flasks,  funnels,  cotton  wool,  etc.,  may  be 

wtfrilised   by  exjMDsure  to  ii  temperature 

of  !5IJ°  C.  for  an  hour  ii 


—Koch's  Stbah- 
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(Q)   AlTAKATtrS  AND   MATERIAL   FOB  PSEPABIHO  AKD    StOKIHO 
KUTBIEXT  OKLATIRK  AXV  NcTBISNT  AOAK-AOAIt. 

Water-batb,— A  water-bath  on  tripod  stand  is  required  for 
boiling  the  ingredients  of  nutrient  jelliee  and  for  general  purposes. 
The  lid  may  be  oonveniently  compoeed  of  a  series  of  conoeotric 
rings,  ao  that  the  mouth  of  the  vessel  may  be  gradu&ted  to  any 
mze  required. 

Test- tube  Water-batb This  consists  of  a  circular  rack  for 

test-tubes  within  a  water-bath.  It  is  sometimes  employed  instood 
of  the  steam  cylinder  for  sterilising  nutrient  jelly  in  tubes,  by 
boilitig  for  an  hour  for  three  successive  days. 

Hot- water  niter.— A  oc^per 
funnel  with  double  walls,  the  inter- 
space  between  which  ia  filled  with 
hut  water.  A  glass  funnel  fits  in- 
side tbe  copper  cone,  the  atem  of 
the  glass  funnel  passing  throogh 
and  bdog  tightly  gripped  by  a  per- 
forated caoutchouc  plug,  which  fits 
in  the  opening  at  the  apex  of  the 
cone.  The  water  in  the  cone  is 
heated  by  applying  the  flame  of  a 
burner  to  a  tubular  prolongatimi 
of  the  water -chamber.  In  a  more 
recent  model,  as  represeute<l  in 
Fig.  31,  thiH  prolongation  is  dis- 
piMisi'd  with,  and  the  temperature  is 
maintiiined  by  mean.v  of  u  circular 
burner  which  acts  at  the  .-iitme  time 
as  a  funnel  ring.  In  Robrbwk'a 
nioilel  the  funnel  of  the  filter  is 
connected  with  a  flask,  from  which 
the  test-tut^s  can  1«  easily  tillwl  with  tho  liquid  jelly  (Fig.  253). 

Glass  Vessels.— A  number  of  glass  vessels  should  be  kept  in 
Rtock  according  t<)  re<[inre[nents. 

Bohiiniian  liaiil  gliisH  IliiKk.s  are  employed  in  several  sizes,    for 
boiling  uutrii-nt  meilia.      The  conical  forms  a 
largiT  si;^fs  for  storing  nutrient  jelly. 

OldKs  fininels,  largo  anil  finiall,  ai*  necessary,  not  only  in  the 
of  iiroimring  nutrient  jelly,  but  for  filtering  solutions  of 
dyes  anil  for  gcueral  purjKjscs. 
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A  liberal  supply  of  test-tubes  should  always  be  kept  in  stock,  as 
they  are  not  only  employed  for  the  tube-cultivations,  but  can  be 
conveniently  used  for  storing  bouillon,  sterilised  water,  etc. 

Cylindrical  glasses  graduated  in  cubic  centimetres,  10  ccm.,  100 
ccm.,  500  ccm.,  are  required  for  measuring  the  liquid  ingredients 
of  nutrient  jelly,  and  also  in  preparing  the  various  staining 
solutions. 

A  large  wide- mouthed  glass  jar,  with  a  glass  cover,  is  extremely 
useful.  It  must  be  padded  at  the  bottom  with  cotton  wool  for 
containing  a  stock  of  tubes  of  sterilised  nutrient  jelly,  and  should 
be  placed  within  reach  on  the  working  table. 

Balance  and  Weights. — ^A  balance,  with  large  pans  and  set  of 
gramme  weights,  is  constantly  required. 

Cotton  Wool. — The  best  or  "  medicated  "  cotton  wool  should  be 
procured. 

Gelatine. — The  gelatine  for  bacteriological  purposes  must  be  of 
the  very  best  quality  (gold  label). . 

Agar-agar. — This  is  also  called  Japanese  Isinglass ;  it  consists 
of  the  shrivelled  iilaments  of  certain  Algse  (Gracilaria  lichenoides 
nnd  Gigartina  speciosa). 

Peptonum  Siccum. 

Table  Salt. — Prepared  table  salt  can  be  obtained  in  tins  or 
packets. 

LitniTlB  Papers. — Blue  or  red  litmus  paper  in  cheque-books,  for 
testing  the  gelatine  mixture,  etc. 

Carbonate  of  Soda. — ^A  bottle,  containing  a  saturated  solution 
of  carbonate  of  soda,  and  provided  with  a  pipette  stopper,  may  be 
kept,  especially  for  use  in  the  preparation  of  nutrient  jelly. 

Lactic  Acid. 

Filter  Paper. — For  filtering  gelatine,  stout  Swedish  filter  paper 
of  the  best  quality  is  recommended. 

Flannel  or  Frieze. — ^This  is  employed  as  a  substitute  for,  or 
combined  with,  filter  paper  in  the  preparation  of  nutrient  agar- 
agar. 

(H)  Apparatus  for  Emplotmsnt  of  Nutrient  Jbllt  in  Test-tube 

AND  PlATE-CULTIVATIONB. 

Wire   Cages. — These  cages  or  crates  are  used  for  oontaining 
test-tubes,  especially  when,  they  lire  to  be  8l« 
steriliser ;  or  for  lowering  tubes  of,  iuil|ril 

steriliser,  etc.  (Fig.  264). 
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Teat-tube    Stands. — The    oixliiiaiy   wooden    pattern,     or    tbe 
metallic  folding  stands,  are  called    into  use 
__  for  liolding  eultivations.     Pegged  racks  are 

f-~  ^^IMI       ^'^^    recommended   for   draining    test-tubes 

after  wiishiug. 

Caoutchouc  Caps. — These  are  caps  for 
fitting  over  tlie  cuttou-wool  plugei,  and  may 
be  used  in  different  sizes  for  t^st-tnbes  and 
stock- dusks. 

Platinum       Keedles.^A       pUtinuin 
needle   For  inoculating  nutrient   media,   ex- 
Tia.  2W.— Wiwt  Cag*       amining  cultivation  a,  etc.,  consists  of  two  ar 
vo»     KsT-TuBea.  three  inches  of  platinum  wire   fixed   to  tbe 

end  of  II  glass  roil.  Several  of  these  needles  should  be  made  with 
platinum  wire  of  various  thickneHsee.  A  piece  of  glass  rod,  about 
seven   inches  long,  is  heated  at  the  extreme  point  ui  the  flame  of 


^3- 


^^^ 


Fia.  256.~Platikuh  Nekdles;  Sthaioht,  Hooked,  Loofsu. 

a  Bunaen  burner,  and  a  piece  of  platinnm  wire,  held  near  one 
extremity  with  forceps,  is  then  fused  into  the  end  of  the  rod. 
Some  needles  should  be  perfectly  straight,  and  kept  especially  for 


286  — Dakp  CoAKsn  Kw  Fun-ccLnvAnon. 


inoculating  test-tubes  of   nutrient  jelly.     For  other   purpo«s  t!^ 
needles  may    be    bent   at  the    e«remity  into   a   small   liook,    and 
others  provided  with  a  loop  (Fig.  255). 
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Tripod  IteveUing-fltaad,— A  triangular  wooden  frame  bu|h 
ported  upon  three  ecrew-feet  which  enable  it  to  be  raised  or  lowered 
to  adjust  the  level. 


^^h. 


Fio.  237.— AffabatOs  bhplotid  roK  Plati-ccltivationb. 

Tripod  SMnd ;  OUsa  Dish,  filled  with  cold  or  iced  mter ;  Sheet  of  Flkte-glaas ; 

Spirit  Level,  and  Glue  BeU. 

Large   Olass   Plate. — A    piece  of  plate-glasB,'j  or  a  pane  of 
ordinary  window-glass,  about  a  foot  square. 

Spirit  Level. 

Qlass  Bells  and  Diohes. — Shallow  glass  bells''atid  dishee,  for 
making  a   dozen  or  more    damp    chambers 
(Kg.  256),  and  for  completing  the  apparatus 
for  pouring  out  liquefied  nutrient  jelly  ( 
glass  plates  or  slides  (Fig.  257). 

Iron  Box. — A  box  of  sheet-iron 
(Fig.  358),  for  containing  glass  platee  during 
their  sterilisation  in  the  hot-air  steriliser, 
and  for  storing  them  until  required  for  use. 

Olass   Plates Smalt  panee    of   gla», 

about  six  inches  by  four,  Not  less  than 
three  dozen  are  required  for  a  dozen  damp 
chambers. 

Olass  Benches. — These  are  neceesary  for  arranging  the  glass 
plates  or  slides  in  tiers  in  the  damp  chambers  (Fig.  256).      Metal 


I  Glass  PtAris  on  Slidkh. 

shelves  may  be   substituted    for  them,   but  the  former  are  to  be 
preferred.     They  can  be  easily  made,  in  any  number  required,  by 


L_ 
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■cementiug  a.  littlo  piece  of  plitte-gluss  at  either  eud  of  n  glafa 
slip  (fig.  259). 

Olass  Bods. — One  do^eti  or  more  gliiiis  rods,  twelve  to  eighteea 
iuclies  in  iengtli.  They  are  employed  for  smoothly  spreuding  oiit 
the  Uijuefieil  nutrient  gelatine  or  agar-agar  on  tim  glass  plates,  etc. 

Thermometers. — Two  or  three  centigrade  thertnoiiiet«rs. 


(I)  ArpAi 


I  FOR  Preparation  of  Potato-ccltivatioxs. 


Israel's  Case.—  Sterilising  instrumeuts  in  tiie  flame  of  a  Buusen 
Ji-iier  is  most  destructive.     It  is  better,  therefore,  to  have  a  shect- 
B  (Fig.  260)  to 
contain     potato-knives, 
Mcjili^ela  aud    other    in- 
strnineuts,  and  to  st«r- 
ili.se    them    Ity    placing 
the  cane  in  the  hot-ttir 
steriliser   for    an     hour 
at    150°  C.      The    box 
be    o|«Ded  at   the 
i'ta.  aio.— isBAKLH  OAfiK.  *'''^t    *"''   ^"^^    instru- 

ment   withdrawn    with 
a  pair  of  sterilised  forceps  when  retjuired  for  jse 

Qlass  Dishes.— Several  shallow  glass  dishes  are  rei|uired  for 
pre|wring  damp  chambei-s  for  potato-cnltivutions  (Fig.  261).  The 
dipper,  being  the  larger,  fits 
over  the  lower,  and  having 
no  handle,  admits  of  these 
damp  chambers  being  placed, 
if  necessary,  in  the  incnbilor 
in  tiers.  The  large  size  rnitv 
also  be   used    in    the   Hnnn'  " 

way  for  pin  te-culti  vat  ions.  *■"■■  -''ii.— i. 

Potato       Knives.  —  A 
common  broiiil  smooth-bladed  knife  set  ii 
for  thiti  purpose. 

Scalpels. — Half  a  dozen  scalpels,  preferably  with  metal  handles, 
may  Ije  kept  especially  for  inoculating  Bterihse<l  potatoes. 

Bmah. — A  common  stout  nail-brush,  or  small  scrubbing-bniph, 
is  ej^seiitial  for  cleansing  potatoes. 


1  wooden  handle  is  sold 
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Blixid-skrum. 

Olaee  Jar. — A  tall  i-ylimlncal  gloss  jai',  uu  foot,  with  i 
itmiid  sliip[>er,  for  receiving  bloni. 

Pipette. — An  ordiunrv  or  gntdiint^d  pipettp,  fnr  transferring  the 
Tiim  from  the  jfti-s  to  sl#ri!e  lest-tiilies  or  gliif«  cii|isnlpa. 
Koch's     Serum     Ster- 
ilifler.— A   pjlinilrir-nl     eiuio, 
witli  double  walls  formiDg  nn 
interspace  to  contain  wat«r, 
closed  with  a  lid,  also  double- 
rnlled  und   provided   with  a 
I  tuhular    prolotigatioii    of  the 
itlosed  watei'-chjimber  (Fig. 
S2).         The     water    in     the 
cylinder  is  beatMl  from  beluw. 
Bud  that  in  the  lid  by  meatic 
of  the  prolongation. 

the     centre     of     tlip 

cyfmder   is    a  column  wliiclj 

(>omnuinii?ate6  with  the  watei- 

cbiiiuber  of  thu  cyUiider,  and 

from  it  pass  fotir  piii-titioiis, 

which   serve  to   support    the 

st-tnbe!«, 

In    the     lid     are     three 

I  openings,  one  of  which  conmmnicates  with  the  w«ter<h«niber  ii 

I  lid  by  which  the  latter  is  filled,  and  into  which  a  thermouieler  U 

then  fixed.     In  the  centre  an 

^^^^^^^^^^^^^U         opening     uiliiiitK    tt    thermo- 

^^^^^^^^^^^^^^^^B        meter,  pudtseo  into  the 

^^^^^H^^B^^^^^H^^r        central  pi{ie  of  the  cylinder ; 

^^^^^^^^^^^^^^^^rV         through  a   thinl    opening    a 

M^^^^^^^^^^B^^^r  ■        thermometer    [Mioses    to    the 

^P^^^^^t^^^  ■       cuvity        the   cylindd'.     The 

■  ^^1  '^  lyiiuderandc'overiirojncketod 

■  Mj^^  **'■*''  *'*'"''  '""'  *^"^  "i>pi"'"t'is 

■■  ^^  is  »,.pporte.l  on  inJU  legs. 

Kiu,  2i;3,-aKBc«  i.vMitBATOB.  KooVb  Serum  Inspia- 

Bator.— A   shalluw    tin  case 
with  glaf^s  cover,  hotb  ciise  imd  cover  jacketed  with  felt  (Fig.  268) 
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The  CASe  u  donbto-ir^led,  nod  the  water  ocmtained  in  the  interftpaoe 
IB  heated  from  bekmr.  It  ia  aopparted  oii  four  legs,  and  the  two 
frmt  anea  more  in  grooves  in  (he  oeae,  su  that  the  latter  i 
placed  obliqnely  »t  the  v^le  required  BOd  secured  in  positio) 
■crev^Iampe.  It  is  emplo)red  for  eoagolating  nterilo  liquid  Rerum, 
aodior  adidifying  nuliieat  egar-egar  m  as  to  give-  them  a  sloping 
surface. 

Btupps's  Sflnuu  XiwplMaitor, — By  the  new  prooeaa  &»  aemm 
is  obtained  with  evwy  posoUe  javoaation,  and  solidiSed  at  onoe  in 
Hneppe's  appaiwtae  (Fig.  H). 

Olaw  Ol^mtoar-^-Small  capsules,  or  h<^owed-oat  oubes  of 
etrstol  ^Afls  are  emfdoyed  tot  cuItiv&tiiHi  on  solid  Mood-onriua,  on 
notrient  gelatine,  and  <m  agar^gar.  They  may  be  proenred  of 
white  and  blackened  ^aas,  and  are  prorided  with  ^ass  dqis  •■ 


(^)  APFAuns  iM  Stooino,  akd  fob  Ovltitations  n,  I^DID 

Media. 

Uiter**  n—t«,— Tiisteg  deriaad  a  globe«haped  flask  with  two 
nei^s — avflrtioaland  a  lateral  <nie.  Hie  lateral  cnie  is  a  bebt  spon^ 
tapraing  towards  its  oonntrioted  vxtaamty.  When  the  vownl  is 
restored  to  the  erect  position  after  pouring  out  some  of  its  oontente, 
a  drop  of  liquid  remains  behind  in  the  end  of  the  nozzle,  and 
prevents  the  regurgitation  of  air  through  the  spout.  A  cap  of 
cotton  wool  is  tied  over  the  orifice,  and  the  residue  in  the  flask  kept 
for  future  use.  The  vertical  neck  of  the  flask  ia  plugged  with 
sterilised  cotton  wool  in  the  ordinary  way  (Fig.  60). 

Sternberg's  Bulbs. — Sternberg  advocates  the  use  of  a  gla^ 
bulb,  provided  with  a  lileiider  neck  drawn  out  to  a  fine  point  and 
hermetically  sealed  (Fig.  62). 

Aitken'B  Test-tube. — Thia  is  an  ingenious  device  for  counter- 
actiug  the  danger  of  entrance  of  atmospheric  germs  on  removal  from 
the  ordinary  test-tube  of  the  cotton-wool  plug.  Each  t«st-tube  is 
provided  with  a  lateral  arm  tapering  to  a  fine  point,  which  is 
hermetically  sealed  (Fig.  62). 

Drop-oultare  Slides. — About  a  dozen  or  more  thick  glass 
slides  with  a  circular  excavation  in  the  centi-e  are  required  for 
drop-cultures  (Fig.  48). 

Vaseline.— A  small  pot  of  vaseline  with  a  eamel's-hair  brush 
should  be  reserved  especially  for  use  in  the  preparation  of  droD- 
cultures. 
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Bolbed  Tabes. — Glass  vessels,  audi  ns  t<*t-tnl»«,  flasks 
and  pippttes,  wliicb  lire  uaed  in  dealing  with  liquid  media,  have 
already  been  mentiunnl  under  otlier  hendiuga ;  hut  hulbod  tnbes, 
Pasteur's  btdbs,  and  varioUB  other  forms  are  uIho  re<iuire<l  for  special 
experiments. 


(L)  ApFARATtS    FOR  ISCDBATIOS. 

There   are  wveral  forius  of  incubator,  each  of  which   has  its 

advocates.     They  are  mostly  rectangular  chests,  with  glasa  walls 

front  and  bock,  or  in  front 

on])".     A  eylindricnl  model 

is  preferred  by  some.     Two 

only     will      be      tl  escribed 

here — D'Arsonval's       and 

Babte'.    The  former  ndmils 

of  very  exact  regulation  of 

temperature,  and  the  latter 

is  a  very  pratticul  form  for 

general  use. 

D'Anonval's     Inoa- 

bator. — The      "^twve 

IfAmontxU"  (Fig.  264)   is 

a  very  efficient  apparatus, 

and  is  proviiled  \i-ith  a  heat- 
regulator,    which     enables 

the     temperature     to     he 

maintained    with  a    mini- 
mum variation.     It  conaista 

of    a     cytitidrical     copper 

vessel,   with  double    walls. 

enclotdng  a  wide  intei-spiK'.' 

for     containing      a      lur^;!' 

volume  of  water.     Tlie  re  if 

of    the    water- chamber    is 
.    obUque,    so  that   the  wall 

Bs  higher  on  one  side  than  on  the  other.    This  admits  of  the  inter- 
I    «pace  being  completely  filleil  with  water.     At  tlie  highest  point  is 

an  opening  fitted  with  a  perforateil  caoutchouc   stopper,  through 

which   a  glass  tube  passes.     Tlie  mouth  of  the  cylinder  itsdf   vs 

horiEoutul,  and  is  closed   by  a  Ud,  which  is  also  double-wntled  to 

contain  water.     In  the  lid  are  four  openings  :  one  serves  for  filling  tfafe 
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water-chiiuibei-,  mid  the  others  for  thermometers  and  for  ivgulating 
the  air  supply  in  the  cavity  of  the  cylinder.  The  cylinder  is  con- 
tinued below  by  a.  cone,  iilao  double- walled,  and  there  is  a  perforated 
grating  at  the  Hne  of  junction  of  the  cylinder  and  cone.  Tlie  cwne 
terminates  in  a  pi-ojecting  tube  provided  with  an  adjustuMe 
ventilator.  The  apparatus  is  fixed  on  three  supports  united  to 
one  another  below.  One  of  them  is  utilised  for  adjusting  the  height 
of  the  heating  apparatus.  Situated  above  this  leg  is  the  heat- 
regulating  apparatus  {Fig.  265),  attached  to  a  circnlar,  lipped 
apertui-e  in  the  outer  wall  of  the 
incubator.  To  the  lip  is  fixed  with 
t>ix  screws  the  corresponding  lip  of 
a.  bi-uss  box,  with  a  tightly -stretched 
diaphragm  of  india  rubber  iuter- 
vening.  Thus  the  diaphragm 
separates  the  cavity  of  the  Hojc  fnun 
the  water  in  the  interspace  of  the 
incubator.  The  cap  of  the  box, 
which  screws  on,  is  bored  in  the 
centre  tor  the  screw-piiw,  by  which 
the  gas  is  supplied.  Another  pipe 
I  connected  with  the  gas-buruers. 
Around  the  end  of  the  screw-pipe  a  collar  loosely  fits,  and  is  pressed 
against  the  diaphi'agm  by  means  of  a  spiral  wire  spring.  Cloee 
to  the  mouth  of  the  screw-pipe  a  small  opening  exists,  so  that  the 
gas  supply  to  the  burners  is  not  entirely  cut  off  even  when  the 
diaphragm  completely  occludes  the  mouth  of  the  screw-pipe. 


4 


entering  the  box  from  below  i 


To  work  the  apparatus  the  tube  and  plug  muBt  be  removed,  and 
the  water-chamber  filled  completely  with  distilled  or  rain  water  at  the 
temperature  required.  The  caoutchouc  plug  is  replaced  and  the  tube 
placed  in  poattion.  Giis  enters  through  d  (Fig,  260),  and  passes  through  the 
opening  at  ita  extremity  into  the  chamber  of  the  box.  Thence  it  passes 
through  the  vertical  exit  which  is  connected  with  the  gas-burners.  As 
ihe  temperature  riseB  the  water  rises  in  the  tube,  and  at  the  same  time 
exercises  n  pressure  on  every  part  of  the  walls  of  the  iucubator.  and 
hence  on  the  diaphragm.  In  consequence  of  this,  the  diaphragm  bulging 
outwards  approaches  the  end  of  the  tube  il,  and  gradually  diniiniBhes  the 
gas  supply.  As  a  result  the  temperature  falls,  the  water  contracts  and 
sinks  in  the  tulte,  and  the  diaphragm  receding  from  il,  the  gas  supply 
is  again  increased.  By  adjusting  the  position  of  the  tube  i/  to  tha 
diaphragm,  any  required  tempierature  within  the  limits  of  the  working  of 
the  apparatus  can  be  regulated  to  the  tenth  of  a  degree— jiwitfcrf  (1) 
that  the  gas  supply  is  rendered  independent  of  fiuctuations  of  pTMsare 
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li;  means  of  a  gaB-pre)»ure  regulator :  (2)  that  tbe  height  of  the  cater 

io    the    tulie    is    controlled  daily    by   the 

withdrawal    or   addition   of  a   few  drops  of 

liistilled  water;  and  (3)  that   tie  appamtua 

ia  kept  in  a  place  with  as  even  a  tem]M)ra- 

ture  as  possible,  and  sheltered  from  curteuts 

of  air. 

The  burners   in   Fig.    2G4  are   protected 
with   tnico   cylindom   similar   to   the   bnmer 
represented  in    Fig.    26i!.     The   flHmeH    of 
these   burners   can    lie    tamed  down   to  the 
smalleat  length  without  danger  of  e:(tinction, 
and  the  lamperature  may  be  regulated  very 
satiefactorily  without  using  the  heat-regulator 
just  described,  if  the  gas  tirst  possea  through 
a  pressure-regulator  (Fig,  2Gil),     To  provide   ' 
againat  the  danger  resulting  from  accidental         c'J', 
extinction  of  the   gas,   Koch   has   devised  & 
self-acting  apparatus  (Fig.  267).  which,  simultaneously 
of  the  tiame  of  the  burner,  shuts  off  the  supply  of  gat^. 


'ith  the  extinction 


Kocn'fl  Sapett  Bubveb 


Babes'   Incubator.— The   pattern   used   by   Bab^  is  a    vsey 
(.imple  one,  and  may  he  reeomnieiided  for  economy  aad  efficicc 
(Fig.  2G8). 

Il  consists  of  u  double- walled  cheat  with  ddes  and  nnf  jacket 
with  felt.  Water  dlts  tlie  interspace  betweeti  the  walls,  and  i 
the  roof  are  two  apertures ^one  for  a  gas-i-egiilatoi-  and  the  o 
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vajve  {d),  niid  i^^  theuce 
bell  (b)  aud  the  weighte 
rod  (g).  To  diminish 
much  as  possible  the 
friction  of  i/  in  i,  g 
only  touches  i  by  three 
projecting  ridges.  Section 
of  i  and  g  ia  hhown  at  g. 
To  put  the  iipparatiiB  in 
use  it  is  first  levelled,  then 
h  is  screwed  off,  und  the 
cover  (?t  n)  removed.  A 
mixture  of  two  parte  of 
pure  acid-free  glycerine  to 
one  of  distilled  vpater  ia 
pom-ed  into  the  cylinder 
until  it  flows  out  at  q, 
wliick  i.^  then  closed,  and 
the  cover  {n  n)  replaced. 
The  manometers    are    filled    with 


In  front  the   cheat   is  closed    in    by  a 

of  felt,  a  glass  door,  and  a  slidiug 
glass  panel.  The  appawitua  can  be 
HiiHpended  on  the  wall  or  supported 
on  legs,  and  is  heated  from  below 
by  means  of  protected  burnersi. 

The  gas  should  piLBs  Srst  through  1 
a  pressure- regulator,  and  then  I 
through    a  therm o- regulator     to    the  1 

Moitessier'B        Gas  -  presaura 

Regulator. — This  apparatus  is  best 
exp]nine<l  by  reference  to  the  dia- 
gram (Fig.  269).  In  the  bottom  of 
the  cylinder  (a)  ai-e  the  entrance  (i) 
and  exit  (I)  gas-tubes.  The  tap  (m) 
regulates  the  size  of  the  flame.  The 
cover  {n  n)  roofs  in  the  cylinder  (a). 
The  bell  (b)  (lupports,  by  m«ans  of 
e  and  /  the  ball  valve  (d),  which 
lies  in  the  cover  (c  c).  The  gaa, 
entering  by  k,  passes  through  the 
jndiicted  by  the  tube  a  to  the  tube  /,  The 
dish  (A)  are  screwed  on  t-o  the  connecting- 
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connected  with  the  entrance  and  exit  gas  tubing  respectively.  ^The 
pressure  of  the  incoming  gas  raises  the  bell  (b)  ;  and  with  it  the  valve 
(d)  is  raised  towards  the  opening  at  c  c.  The  weight  (h\  which  is 
replaced  on  g,  bj  its  downward  pressure  counteracts  this  upward 
pressure  of  the  gas  and  opens  the  valve  (c  c).  Thus  the  flame  is 
best  regulated  in  the  morning,  when  the  pressure  is  at  a  minimum ; 
then  supposing  an  increase  of  pressure  occurs,  the  weight  of  A  is 
overbalanced,  b  is  raised,  and  with  it  c2,  and  the  gas  supply  pro- 
portionately diminished  by  the  gradual  closing  of  the  valved  opening. 
Reichert's  Thermo-regulator.— This  regulator  (Fig.  270) 
consists  of  three  parts — a  hollow  J-piece,  a  stem  and  a  bulb. 
The  T-piece  fits  like  a  stopper  in  the  upper  widened 
portion  of  the  stem.  One  arm  of  the  "J  is  open 
and  connected  with  the  gas  supply;  the  vertical 
portion  terminates  in  a  small  orifice,  and  is  also 
provided  with  a  minute  lateral  opening.  The  stem  is 
provided  with  a  lateral  arm,  and  this  arm,  the  stem, 
and  the  bulb  contain  mercury.  The  regulator  is 
fixed  in  the  roof  of  the  incubator,  so  that  the  bulb 
projects  either  into  the  interior  of  the  incubator  or 
into  the  water-chamber.  When  the  incubator  reaches 
the  required  temperatiwe,  the  mercury  is  forced  up 
by  means  of  the  screw  in  the  lateral  arm,  until  it      Fio.  270.— 

closes   the  orifice   at  the  extremity  of  the  vertical      Rkichebt's 

Thebmo- 
portion   of  the   T*      The  gas  which  passes  through      rboulatob, 

the    lateral    orifice    ib    sufficient    to    maintain    the 
apparatus  at  the  required  temperature.     If  the  temperature  of  the 
incubator  falls,  the  mercury  contracts,  and  gas  passing  through  the 
terminal  orifice  of  the  T  increases  the  flame  of  the  burner,  and 
the  temperature  is  restored. 

Page's  Thermo-regulator  resembles  the  above,  but  instead 
of  the  T-pioce  there  are  two  pieces  of  glass-tubing.     The  outer 
tubing  envelops  the  upper  part  of  the  stem  of  the  regulator,  and 
admits  of  being  raised  or  lowered.    The  upper  end  of  this  tubing 
is  closed  by  a  cork,  which  is  perforated  to  admit  the  narrow  glass- 
tubing,  which  represents  the  vertical  arm  of  the  Ty  passing  within 
the  stem  of  the  regulator.     This  has  a   terminal  and  a  lateral 
opening,  and  is  the  means  of  entrance  for  the  gas.    This  rQgnlatff* 
is  adjusted  by  noting  when  the  thermometer  indicates  the  <k 
temperature,  and  then  pushing  down   the  outer  tube  U 
terminal  opening  of  the  inner  tube,  which  is  carried  do 
it,  is  obstructed  by  the  mercury. 
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Ueyer's  Thenno-regnlator  is  represeuted  in  Ftg.  271.     No.  I. 

shows  the  foiintnietion  of  the  reguktor :  its  inner  tube  terminates 
in  mi  uliH(jii6  ojiciiing,  and  is  also  proviiled  with  «  minute  Internl 
pertiire,  which  prefveiits  the  complrte  shutting  off  of  the  gas  supply. 


FlO.    271. — MkTBB'H   THEHSrO.HEOCLATOB. 

No.  II.  illiistriiteK  the  method  of  introducing  the  mercury  by  suction 
through  a  Utling  tube,  which  is  eiibstituteil  for  the  iimer  tube  of  the 
regulator.  No,  III.  represents  Fr'ankel's  modification  of  the  same 
iostniDient. 


(M)  Inoculati.no  and  Dissecting  I.nstrumests  and  Affaratits 
IN  Common  Use. 

Uoaee-oageB. — As    mice    are    the    animals    moet    frequently 
employed    for    experimental     purposes,     mouse- cages     have     been 
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especially  introdocecl,  consisting  simply  of  a  cylindrical  glass  jar 
with  a  weighted  wire  cover. 

DreBsing-CAse. — A  small  sm>gical  dressing-case,  with  its  usual 
uccessoricH — forceps,  knives,  small,  straight  and  curved  sclasors, 
needles,  silk,  and  so  forth — will  serve  for  most  purposes. 

Pravaz'  STTinge. — Eoch's  modification  of  Praraz'  syringe 
admits  of  sterilisation  by  exposure  to  150°  C.  for  a  couple  of  hours. 

Special  InBtmmentB  and  Material Instruments  required 

for  special  operations,  and  the  materials  necessary  for  strict  anti- 
septic precautions,  need  not  be  detailed  here.* 

DiBBeoting-boards.— Slabs  of  wood  in  various  sizes,  or  gutta- 
percha trays,  provided  with  large-headed  pins,  are  employed  for 
ordinary  purposes. 

DiBsecting-CUe.  —  A  diseecting-case,  fitted  with  scalpels, 
scissors,  hooks,  etc,  should  be  reserved  entirely  for  poet-mortem 
examinations. 


(N)  Genckal  Labosatoht 

Siphon  Apparatus.— Two  h&lf'galioa  or  g^ 

'with   siphons    connected    with    long   flexiUe  tahaa 

^lass  nozzles  and  pinchcocks  (Fig,  272),  Bhonld  be  • 

*   F«fe  Cheyne,  J 
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following  purposee : — Ooe  i«  naed  to  oontain  distilled  water,  witb 
iho  nossle  hanging  down  ooDTenieatlf  within  reach  of  the  ^vorldng 
table;  the  other  is  to  oontoin  a  Mdotian  of  tarbolic  acid  (1  in  20), 
and  may  be  placed  ao  that  the  aocde  hang>  close  to  the  Iiivatary 
sink  <»r  basin.  The  former  r^laoee  the  use  of  the  ordinary  wrv^h- 
bottle,  in  washing  off  ampins  iUin  tram  cover -glasses,  etc.,  aud  the 
latter  is  cxmrenientij  placed  for  disinfaotion  of  veesels  and  luuMfc 
after  cleantdng  with  water.  Th^  shotdd  be  plaoed  ba.  the  top  of  & 
cupboard  or  en  a  high  shelf. 

DMiooator. — The  deoiocator,  (Hg.  37S)  oonsatB  of  a  poanalaiii 
pan  omtaining  < 
■olphnrto  add    and 
qmr  with  a  bell-giaos  reoavn-. 
Tbo  sheet  of  fdate^Iaoe  npon 
whidb  the  pan  rasta  is  gnxoid 
npcm  its-  upper  snrfaee^    and 
tite  rim  of  the  ^aaa  bell  ia 
also  ground  and  weD  giceeej. 
In  the  oentre  <^  the  pan  ia  a 
oolnmn  suf^orting  a  csroolar' 
frame,  whiidi  ia  oorered  witb 
wire  gaoie.    EDiiMfl  of  pcAatoea^ 
upon  which  micro-otganisms 
have     been    cultivated,     are 
rapidly  dried  by  the  action  of 
sulphuric  acid  in  confined  air- 
A  detailed  deacription  of  other  kinds  of   apparatus  commonly    in 
use  in  a  research  laboratory — such  as  the  various  forma  of  apparatus 
for  filtering  cultures   ia   liquids,   and   the  reagents  necessary  for 
special    chemical    investigations — must    be    sought   for   elsewhere. 
Much  iafoi-mation  may  be  obtained  about  tbo  most  recent  improve- 
ments in   bacteriological,    chemical    and    physical    apparatus     by 
reference  to  manufacturers'  catalogues." 

*  All  bacteriological  apparatus  may  be  obtnined  from  Berlio  from  Dr. 
Muencke,  5H,  l.ouiacD  Strasse.  or  Dr.  Hermann  Robrbeclc,  24,  Earlstraase. 
Ur.  George  Griibler,  Ltipiig,  is  rcconi mended  for  special  etainiog  reagents. 
In  London,  chemicals  and  bacteriulogical  apparatus  can  be  obtained  from 
Becker  &  Co.,  Haltou  Wall,  or  from  Baird  k  Tatlock.  H.  Cross  Street,  Hattou 
Qarden,  E.G.  Mr.  Dakcr,  of  Higb  Holbom,  W.C,  is  recommended  as  the 
agent  for  microscoiies  and  objectives  by  Continental  makers,  inclnding 
Zeiss'  apochromatic  objectives. 
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EXTRACTS  FROM  THE  FINAL  REPORT  OF  THE  ROYAL 

VACCINATION  COMMISSION. 


The  final  Report  of  the  Royal  Commission  ito  tinquire  into  the 
subject  of  Vaccination  was  published  on  {September  18th,  1896.* 
The  author  desires  to  gratefully  acknowledge  the  permission  granted 
him,  by  the  Controller  of  Her  Ma jesty's  *  Stationery  Office,  to  make 
extracts  bearing  more  especially  on  the  histoiy  and  patholog}'  of 
protective  inoculation  and  the  prevention  of  small-pox.  The  reader 
is  recommended  by  the  author  to  study  the  whole  of  the  report. 

Histoni  of  Sniall-PojT.i 

The  early  history  of  small-pox,  like  that  of  many  similar  diseases,  is 
obscure,  is  subject  to  much  debate,  and,  save  perhaps  on  one  point,  is  of 
antiquarian  interest  only. 

The  records  of  the  eighteenth  century  show  that  the  disease  was  very 
prevalent  in  western  Europe  during  the  whole  of  that  century.  The 
records  of  the  seventeenth  century  also  show  that  small-pox  was  a  very 
common  disease  during  that  century  :  this  is  especially  the  case  as  regards 
the  latter  half  of  the  century.  The  statistics  which  exist  with  respect  to 
Geneva,  and  various  scattered  statements,  further  show  that  small-pox 
was  a  well-known  disease  in  the  sixteenth  century ;  but,  except  for  the 
records  which  are  said  to  exist  of  severe  epidemics  in  Iceland  taking 
place  as  early  as  1241,  as  we  go  further  back  the  evidence  as  to  the 
existence  of  the  disease  becomes  less  and  less  clear,  and  indeed  debate - 
able,  depending  as  it  does  largely  on  the  interpretation  of  incidental 

*  The  report  may  be  obtained  either  directly,  or  through  any  bookseller, 
from  Eyre  &  Spottiswoode,  East  Harding  Street,  Fleet  Street,  E.G.,  and  32^ 
Abingdon  Street,  Westminster,  S.W. ;  or  John  Menzles  &  Co.,  12,  Hanover 
Street,  Edinburgh,  and  90,  West  Nile  Street,  Glasgow;  or  Hodges,  Figglr 
Co.,  Limited,  104,  Grafton  Street,  Dublin. 

t  The  headings  to  the  extracts  from  the  Report  of  the  CkmunaHKN) 
— R  M.  C. 
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Htatements  ia  vnrious  medical  and  other  writings.  There  aeems,  bo 
ever,  to  be  adequate  proof  of  the  prevaleace  of  small-poz  in  the  Ea 
in  Asia  Minor  and  other  countries,  even  in  the  earlier  centuries  of  t 
Chriattan  era. 

A  view  verjr  generally  taken  teaches  that  small-pox,  introduced  trt 
the  East,  began  to  be  common  in  weatern  Europe  during  the  fifteen 
centnry,  though  perhaps  existing  still  earlier ;  that  it  increased'  durii 
the  sixteenth  and  seventeenth  centuries,  especially  the  latter  ;  and  that 
was  Tery  prevalent  during  the  eighteenth  century. 

In  dealing  with  the  eighteenth  century  it  must  be  borne  in  mind  tb 
during  the  second  half  of  the  century  the  natural  conduct  of  small-po 
as  we  shall  see  later  on,  was  modified  by  the  practice  of  inocnlation— th 
is,  by  the  artifidal  giving  of  the  disease  by  the  introduction  of  the  vir 
tbrongh  a  wound  in  the  skin. 

Our  knowledge  of  the  history  of  small-pox  in  western  Europe  durin 
the  seventeenth  and  eighteenth  centuries  ia  very  largely  based  on  tl 
official  records  known  as  the  "  London  Bills  of  Mortality,"  Officii 
records  bearing  on  small-pox  are  furnished  by  Geneva,  going  back  i 
far  as  the  sixteenth  century,  by  Sweden,  going  back  to  the  year  174' 
and  by  some  other  places.  Data  are  also  furnished,  especially  for  tl 
latter  part  of  the  eighteenth  century,  by  parish  records  in  various  pari 
of  Great  Britain  reaching  over  a  variable  number  of  years,  as  well  as  fa 
scattered  statements  in  various  works. 

These  Bills  of  Mortality  form  by  far  the  most  complete  source  of  ou 
knowledge  of  small-pox  in  England  in  past  times  :  but  it  must  be  bora 
in  mind  that  in  respect  to  any  contagions  disease  like  smail-pox  th 
conditions  of  London  were  peculiar.  The  ]iopukticiii  was  to  a  niarke' 
extent  a  moving  one  :  a  large  number  of  persons  were  coutinuall, 
entering  London  nr  leaving  it,  were  passing  to  and  from  it,  from  and  t 
the  provinces  of  Kngland  and  uther  countries.  Uf  these  persons,  sumt 
coming  from  infected  districts,  brought  into  Loudon  fresh  sources  o 
contagion  oth  rs  igin  con  ng  fr  d'li  lets  fr  l  from  small-pox,  ani 
never  hav  g  hid  tl  e  1  wase  bro  i^ht  nto  I  ond  n  fresh  materiiil  to  serV' 
as  food  for  th  d  sea  e  Furtbe  L  ndo  prese  ted  in  an  exaggerate! 
degree  the  I  vo  feat  rsof  getct  whlbvea  great  influence  ii 
the  progre  a  d  chara  ters  of  c  nt  g  u  1  ease  like  «niall-)>ox.  Th' 
■Towding  ijotl    of  tie  dwell  ng  pin  d  tl      th  roughfarca,  as  well  u 

the  moitment  c  t  nually  ^o  (,  on  m  It  pi  eil  the  ojiportuiiities  fur  thi 
.''pread  of  1  se  «e  ind  the  iccompani  g  n  i  t  y  conditions,  as  well  a 
the  greater  ndu  emti  t  to  rr  i,"^ar  1  ng  te  d  d  to  increase  the  severity 
of  thedsta.e  when  tik  u  ud  to  I  git  tl  e  mortality  from  it.  Th. 
history  of  sn  all  f  o  n  L  ndon  must  n  t  i  e  t  k  u  as  re  prese  utiitive  o 
the  hist  rj     f    u-ill  j    x   u  Ln(,la  d  ^euerall 

lit  J  II 

The  I      ct  f    n  culat  on  for  th      mill  [x  x— that  is,  the  iirtificia 

introilu  t    u  of  the      ru      nto  the  s     te     1  y  tl  e      -rt^rtioii  of  Huid  fmn 
a  variolou     |      tule    nto  »o  nl     of  the     k       n     le   for   the  purpose 
li^-an  d  h    t-Ay   n  En(,la  d  to    ards  the  e    i    f  tie  first  .juarter  of   tin 
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eighteenth  century.  Attention  was  directed  to  the  matter  by  letters 
from  Timoni  of  Athens  (dated  1713)  and  Pylarini,  published  in  the 
2yth  volume  of  the  Philosophicdl  Transactions  (1716),  and  especially 
by  a  letter  from  Lady  Mary  Wortley  Montagu  in  1717.  Though 
there  are  indications  that  in  Great  Britain  and  Ireland,  as  in  other 
countries,  some  sort  of  inoculation  had  occasionally  been  practised  at 
a  much  earlier  date,  the  first  clearly  recorded  case  in  England  is  that 
of  the  daughter  of  Lady  Mary  Wortley  Montagu  (whose  son  had  some 
time  before  been  inoculated  at  Constantinople),  inoculated  by  Maitland, 
in  London,  in  April  1721.  Other  cases  soon  followed  in  England,  and 
about  the  pame  time  the  practice  was  also  introduced  in  other  countries 
of  western  Europe,  and  into  the  United  States  of  America,  namely,  at 
Boston. 

It  was  found  that  the  attacks  induced  by  inoculation  were  as  a  rule 
milder,  and  very  much  less  fatal,  than  the  attacks  of  the  '^  natural '' 
disease,  the  fever  and  constitutional  disturbance  being  lees  and  of  shorter 
duration,  and  the  eruptive  pustules  much  fewer  :  the  number  of  these 
varied,  being  commonly  a  dozen  or  two,  ^om  iti  uea  only  two  or  three, 
Hometimes  a  hundred  or  more.  In  som  >  case?  there  was  no  eruption 
at  all,  the  effect  being  limited  to  constitut'oaal  disturbances  and  to 
changes  in  the  wounds  of  inoculation  themselves  ;  it  was  maintained  that 
in  such  cases  the  disease  had  really  been  taken,  and  immunity  against 
a  subsequent  attack  secured,  as  in  case>  of  natural  small-pox  or  of 
inoculated  small-pox  manifesting  itself  in  an  eruption  of  pustules. 

In  England  the  practice  of  inoculation  at  its  introduction,  though 
much  lauded  and  strongly  urged  by  some,  was  bitterly  opposed  by  others. 
Moreover,  the  initial  enthusiasm  in  favour  of  it  soon  declined,  so  that 
in  the  years  1730-40  very  little  inoculation  seems  to  have  been  practised. 
About  1740,  however,  a  revival  appears  to  have  taken  place :  in  1746 
an  Inoculation  and  Small-pox  Hospital  was  started  in  London  ;  and 
during  the  whole  of  the  latter  half  of  the  eighteenth  century  the  practice 
may  be  said  to  have  been  very  general.  It  was  especially  so  during  the 
last  quarter  of  the  century,  the  increase  being  at  least  largely  due 
to  the  ''  improved  methods  "  of  inoculation  introduced  by  one  Sutton 
in  1763,  and  known  as  "  the  Suttonian  method.'' 

Since  an  inoculated  person  was  infectious,  each  inoculation  was 
a  source  of  danger  to  those,  not  protected  by  a  previous  attack,  who 
came  into  the  company  of,  or  even  near,  the  inoculated  person  during 
the  attack  ;  and  this  danger  was  increased  by  the  fact  that  the  mild 
character  of  the  inoculated  disease  permitted,  in  many  cases  at  least, 
the  patient  to  move  about  among  his  fellows.  Moreover,  as  Haygarth, 
himself  a  zealous  advocate  of  inoculation  in  a  systematic  regulated 
manner,  points  out,  the  beneficial  results  of  inoculation  had  robbed 
the  disease  of  its  terrors  to  so  great  an  extent  that  the  rich  and  powerful 
no  longer  made  the  efforts  which  they  formerly  did  to  prevent  its 
entrance  into,  or  its  spread  in,  their  neighbourhood,  and  thus  favoured 
its  spread  among  the  unprotected  poor  ;  so  that  inoculation  *^  though 
eminently  useful  to  the  rich  appeared  to  be  injurious  to  the  poor.'' 
Adding,  therefore,  together  the  cases  of  inoculated  small-pox,  and   the 
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cases  of  natural  amall-poi  of  which  the  inoculated  cases  were  in  one  a 
«r  other  the  caose,  it  seemH  probable  that  inoculation  did  tend  to  incre 
the  jireailtncp  of  small-pox  ;  but  there  are  no  recorded  data  to  show  tl 
this  reallj  was  the  case,  and  this  supposed  influence  may  have  b( 
«ounterbaIeDced  bj  other  iDlluences, 

The  evidence  as  to  the  influence  which  inoculation  had  on  < 
mortality  from  small-pox  is  in  many  respects  conflicting.  Haygar 
though  he  admits  that  in  other  parts  of  the  kingdom  the  practice  m 
have  saved  man;  liven,  was  persuaded  that  in  his  own  part  of  Engla 
and  Wales  the  deaths  by  the  small-pox  had  been  augmented  by  it  ;  a 
he  points  out  that  in  London,  Geneva,  and  other  "  t/iwns  in  difFerc 
situations  and  drcumslances,  the  mortslitj  From  tbis  distemper  I 
increaseds  ince  the  introduction  of  inoculation,"  Several  writers  in  t 
latter  part  of  the  last,  and  the  early  part  of  the  present  centuiy,  he 
a  simitar  view.    Other  writers,  again,  opposed  this  view. 

TnidUioii  of  the  D-iinj-folk. 
There  was  at  the  close  of  the  eighteenth  century,  if  not  eaTlter, 
districts  where  cow-poi:  bad  appeared,  a  behef  among  the  dairy-folk  th 
those  who  had  taken  the  cow-pox  never  took  the  small-pox  :  and  indei 
one  Jesty,  a  Dorsetshire  farmer,  had  in  1T74,  in  the  case  of  his  wife  ai 
HODS,  purposely  introduced  the  matter  of  cow-pox  into  the  human  subje 
with  the  view  of  protecting  from  small-pox. 

Viiccinia  or  cow-pox  is  a  disease  affecting  milch  cows,  and  marked  h 
an  eruption  on  the  udder  and  tents.  The  disease  can  be  communicate 
from  the  cow  to  man.  Duirymen  and  maids  enfjaged  in  milking  com 
affected  with  cow-pox  are  apt  to  have  sores  of  aspeciaE  kind  on  their  ham 
or  i^lsL-where.  the  development  of  the  (iore«  bfiiiK  frequently  acconipanie 
by  febrile  symptoms.  There  can  be  iio  donbt  that,  in  a  certain  numb« 
of  ca.se.'*  at  all  events,  such  wires  are  the  local  niiinifestitions  of  cow-pox 
the  nrus  fruni  the  eruption  on  the  cow  l>eing  introduced  into  some  Hcr^itc 
or  other  imperfection  in  the  skin  of  the  milker  and  there  producing  it 
local  effects,  accompanied  more  or  le."s  by  general  Kymptiims. 

The  practice,  however,  of  inoculating  with  tlie  matter  of  cow-pox,  » 
vaccination  aw  it  was  subsequently  called,  may  be  considered  as  datini 
from  the  publication  of  the  ''  Inquiry  into  the  Causes  and  Effects  of  th' 
V'ariolaj  Vaecinie''  of  Edward  Jenncr,  published  in  the  summer  of  tb 
year  I7',t«.  The  practice  rapidly  spread,  and  prevailed  widely  in  thi 
country  and  other  parts  of  western  Europe  during  the  fir.st  quarter  of  thi 
present  century.  It  was.  beyond  all  question,  so  adopted  in  the  ,:;enu'.;;i 
liclief  that  it  afforded  protection  .igiiinst  small-pox. 

In  the  treatise  to  which  reference  has  been  made  Jeuner  records  in  thi 
first  place  a  number  (1'')  of  cases  in  which  a  person  who  had  nccidentall; 
taken  cow-pox   from   the  cow  had  never  bad  small-pox,   and   appears 
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incapable  of  taking  that  disease  ;  the  insusceptibility  being  shown  on  the 
one  hand  by  the  failure  to  contract  the  disease  after  ample  exposure  to 
contagion,  such  as  nursing  and  attending  to  or  even  sleeping  with  persons 
suffering  from  small-pox,  and  on  the  other  hand  by  the  fact  that  when 
the  person  in  question  was  inoculated  with  the  matter  of  small-pox  in  the 
manner  then  usual  (the  matter  being  tested  as  to  its  efficiency  on 
susceptible  persons)  the  inoculation  failed  to  excite  small-pox.  In  the 
course  of  the  inoculation  practice  it  had  been  observed  that  when  the 
operation  was  performed  upon  a  person  who  had  already  had  small-pox, 
either  naturally  or  by  inoculation,  the  wound  of  inoculation,  instead  of 
developing,  as  it  did  when  the  operation  was  successful  in  a  person  who 
had  not  had  the  small-pox,  into  a  vesicle  and  so  into  a  pustule  with  the 
variolous  characters  (the  development  being  accompanied  by  febrile 
symptoms  and,  save  in  exceptional  cases,  by  the  appearance  of  a  smaller 
or  greater  number  of  variolous  pustules  on  parts  of  the  skin  other  than 
the  seat  of  inoculation),  presented  as  a  rule  nothing  more  than  some  slight 
inflammation,  dying  away  in  a  few  days  without  any  other  sjrmptom,  or  even 
healed  at  once  without  any  symptoms  at  all,  local  or  general :  and  in  the 
exceptional  cases  in  which  further  changes  took  place  in  the  wound,  these 
were  not  accompanied  or  followed  by  an  eruption  of  pustules  or  even  by 
the  febrile  and  other  general  symptoms  of  small- pox.  Accordingly,  in 
cases  of  small-pox  inoculation  where  it  was  doubtful  whether  the  disease 
had  been  communicated,  it  had  become  not  an  uncommon  practice  to 
repeat  the  operation,  in  order  to  judge  by  the  effects  produced  whether 
the  earlier  inoculation  had  or  had  not  produced  the  disease ;  and  the 
practice,  thus  originating  in  connexion  with  small-pox  inoculation,  had 
come  to  be  spoken  of  as  the  *^  variolous  test.'' 

In  his  treatise  Jenner  distinguishes  between  what  he  calls  true  cow-pox 
and  other  eruptions  which  he  speaks  of  as  spurious,  and  which  he  regarded 
as  not  affording  protection  against  small-pox,  although  he  gives  no  details 
to  show  that  the  cases  quoted  by  him  as  affording  protection  were  cases 
of  his  true  cow-pox.  He  also  developed  the  view  that  matter  derived  from 
horses  suffering  from  the  disease  known  as  the  grease  is  capable  of  giving 
rise  to  cow-pox  in  the  cow,  and  indeed  is  the  real  origin  of  the  true 
disease.  It  may  be  added  that  Jenner  also  expressed  the  opinion  that  the 
protection  thus  afforded  by  cow-pox  was  permanent  in  character. 

Jenner  further  recorded  in  the  same  treatise  how  he  had  in  171)G 
inoculated  a  healthy  boy  of  eight  years  of  age  in  the  arm  with  cow-pox 
matter  taken  from  a  sore  on  the  hand  of  a  dairymaid  who  had  been 
infected  with  the  disease  by  milking  cows  suffering  from  cow-pox.  He 
describes  the  appearances  subsequently  presented  by  the  wounds,  and 
states  that,  six  weeks  afterwards,  the  results  of  inoculating  the  boy  with 
variolous  matter  were  those  commonly  seen  to  follow  the  inoculation  of 
persons  who  had  previously  had  the  cow-pox  or  the  small-pox  :  that  is 
to  say,  the  *'  variolous  test  '*  showed  the  boy  to  be  insusceptible  to  small- 
pox. Some  months  afterwards  the  boy  was  again  inoculated,  but  no 
sensible  effect  was  produced  on  the  constitution.  Jenner  then  relates  that 
subsequently,  in  the  spring  of  1798,  he  inoculated  a  child,  and  obtained  a 
similar  result  with  matter  taken  directly  from  the  nipple  of  a  cow  inf eoied 
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with  cow-pox  :  from  the  pustule  on  the  arm  of  thin  child  he  inocabted  ' 
iinother,  iind  from  thin  agiiin  several,  and  from  one  of  thei^e  latter  »  fourth 
in  tuccesHion,  and  then  a  lifth.     To  three  of  these  the  "  vnrioloos  teat" 
WHS  iipplied,  nnd  it  is  stuted  with  the  «ime  rsBults. 


U'-oli'il/e'f,  Lymph. 


The  experiences  of  Jenner 
views  attracted  great  iitteDtion. 
Woodville  and  Pearaon,  who  »■» 
in  Loudon,  conimenced  niakin) 
1  ascertain  whether 


did  not  stand  alone-  His  results  and 
and  in  the  early  part  of  the  je&T  ITEM 
re  physicians  to  the  Small-pox  Hoepifatl 
experiments  with  vaccioe  matter  witb 
ITorded   proteciion   against   amnll-pox. 


Thej-  arrived,  like  Jetiner,  at  the  conclui 

In  JuDuary  \~\)'i  Woodville.  having  found  cow-pox  to  l>e  present  in 
a  "dair}'''at  Gray's  Inn  Lane,  inoculated  seven  persona  nt  the  Small- 
pox Hosjiiial  with  matter  from  one  of  the  cows  at  the  "dniry."  and 
other  persons  with  matter  frotu  norcB  on  a  dairymaid  employed  at 
the  same  place  who  had  become  infected  from  the  cons.  Front  these 
cases  he  inoculated  in  tuccession  others  at  the  Hospital,  eventually  t" 
the  number  of  many  hundreds,  and  thus  established  the  stock  of  what 
has  been  Hpoken  of  an  "  Woodville's  lymph."  Peiirson  also  at  the  same 
time  occupied  himself  with  the  question  of  iaocalation  with  the 
cow-pox,  writing  n  pamphlet  about  it.  Woodville  and  ha  distriliii ted 
to  many  persons  in  this  country  and  abroad  ((uanlitiea  of  tli«  lymph 
from  the  Hospital  ;  and  this  was  the  beginning  of  the  more  general 
practice  of  vaccination,  for  Jenner's  stock  of  lymph,  the  results  of 
which  he  had  described  in  his  treatise,  hod  come  to  an  end. 

Although  Woodville's  "  Hospital  lymph"  appearf  to  have  betm 
widely  diHtiibuted  by  himself  and  by  Pearson,  and  thns  to  have  been 
the  sourt-e  of  the  lymph  used  in  vaiious  places  in  the  cnrly  daya  of 
vaccination,  it  was  not  the  only  source,  even  in  thoHe  days.  Pearson 
also  obtained  lymph  from  cow-pox  at  a  dairy  in  the  Marylebone  Road, 
and  uaed  this  "  iti  certain  situation^"  which  may  be  presumed  to 
include  places  elsewhere  than  in  the  Hospital.  He  also  speaks  of 
having  obtai[ied  lymph  from  the  cow  from  a  third  source.  Jenner 
again,  who  received  and  used  some  of  Woodville's  Hospital  lymph,  also 
obtained  lymph  from  some  other  sources :  for  instance,  from  a  cow 
at  a  Mr.  Clark's  farm  in  Kentish  Town.  Further.  Woodville  in  180(J 
speaks  of  his  having  at  various  times  procured  the  vaccine  virus  at> 
produced  in  different  cows,  which  when  used  at  the  Hospital  produced 
the  same  effects  as  the  (iray's  Inn  Lane  lymph.  We  are  not  justified 
in  assuming  that  an  account  of  every  new  source  of  lymph  wan 
publiHheU  :  and  there  may  have  lieeri  others,  it  is  improsaible  to  say 
how  many,  than  those  just  mentioned.  In  any  case  Woodville'd 
UoMpital  lymph  was  not  the  only  lymph  used  in  those  early  days  ;  not 
only,  however,  was  it  largely  uwd  (indeed,  we  hare  no  evidence  of  so 
widespread  a  use  of  lymph  derived  from  any  other  source),  but  thu 
u^^e  of  it  marks  the  deSnite  beginning  of  the  practice  of  vaccination  ; 
and  the  history  of  it  demands  xpecial  notice. 
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Of  the  cases  recorded  by  Woodville  in  his  Reports,  the  larger 
namber  (about  three-fifths)  presented  an  important,  and,  as  compared  with 
Jenner's  cases,  a  new  feature,  in  that,  in  addition  to  the  changes  taking^ 
place  at  the  seat  of  inoculation  and  constituting  what  Woodville  called 
the  *^  cow-pox  tumour,"  which  may  here  be  spoken  of  as  the  **  vaccine 
vesicle,"  an  eruption  over  the  body  of  a  greater  or  less  number  of 
pustules  was  observed.  These  eruptive  pustules  occurred  in  the  very 
first  cases  :  of  the  seven  cases  inoculated  from  the  cow,  four,  and  of 
the  five  inoculated  from  the  dairymaid,  four,  had  such  pustules ;  and 
their  appearance  is  recorded  again  and  again  in  the  series,  down  to  the 
case  which  appears  last  but  one  in  the  tabular  statement  forming  part 
of  the  Reports. 

Moreover,  an  eruption  of  pustules  is  described  in  certain  of  the  cases 
of  which  accounts  were  published  at  about  the  same  time  by  Pearson 
and  many  others.  In  some  of  these  cases  the  lymph  used  was  supplied 
from  the  Small-pox  Hospital  by  Woodville  or  Pearson. 

It  must  be  admitted  that  these  pustules  were  pustules  of  small-pox,, 
and  that,  therefore,  Woodville  s  cases,  which  did  so  much  to  establish 
the  practice  of  vaccination,  were  not  cases  simply  of  cow-pox  but  of 
cow-pox  mixed,  so  to  speak,  with  small-pox.  It  has  indeed  been 
maintained  that  Woodville's  cases  were  not  cases  of  cow-pox  at  all — 
that  small-pox  was  inadvertently  introduced  into  the  very  first  cases ; 
that  the  history  of  the  whole  series  is  the  history  of  a  series  of  small-pox 
cases  putting  on  special  characters,  and  that  therefore  the  lymph  used 
and  distributed  by  Woodville  and  Pearson  was  in  reality  not  cow-pox 
lymph  but  small-pox  lymph.  A  review  of  all  the  evidence  available 
leads  to  no  other  conclusion  than  that,  however  much  in  Woodville 's, 
Pearson's  and  other  cases  cow-pox  was  mixed  up  with  small-pox,  the 
l3rmph  used  and  distributed  by  Woodville  and  Pearson  and  called  by 
them  cow-pox  lymph  (excluding  of  course  all  the  cases,  of  which  there 
were  not  a  few,  in  which  matter  was  taken  not  from  the  local  ^'  cow-pox 
tumour"  at  the  seat  of  inoculation,  but  from  one  of  the  eruptive 
pustules)  was  veritable  cow-pox  lymph  having  the  true  characters  of 
cow-pox  lymph  only. 

It  of  course  follows  that  the  cases,  both  in  Woodville's  practice  and 
in  that  of  others,  in  which  the  inoculation  of  oow-poz  matter  was- 
accompanied  by  an  eruption  of  pustules,  due  to  amall-poz  being  present 
as  well  as  cow-pox,  when  appealed  to  as  showing  immnnily  ao^S"^ 
small-pox  (by  the  test  either  of  exposure  to  contagion  or  of  if 
furnished  f&Ue  evidence  as  to  that  immnniiy  beiBg  dn^ 
it  might  have  been  due  to  the  sccompanjing  small-pOKr  - 
the  adoption  of  vaccination  was  assisted  l^ 
may  be  held  to  have  rested  on  erroneona  data. 

The  Dedine  of  SimaUpm 

One  effect  of  the  introduction  of  vaoomaiioii 
in  the  practice  of  inoculation,  whidi  had  baoomi 
later  part  of  the  previous  century.    And  flie.V. 
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that,  the  prevalence  of  inoculatioD  having  greatly  iacreased  the 

of  emnll-pox,  the  diminution  of  amall-pox  in  question  was  the   resalt  of 

the  decrease  of  inocnlation. 

The  ifuextion  how  far  the  behaviour  of  small-poi  in  the  eighteenth 
century  am]  earlier  waa  influenced  bj  sanitary  couditionfl.  is  oae  renderel 
difficult  by  the  lack  of  exact  information.  We  may  diatinguish  between 
overcrowiling  as  one  insanitary  condition  and  all  other  insanitary  condi- 
tions, such  as  lack  of  cleanlinejis  and  the  like.  A  jtriori  we  should  eX' 
pect  that  a  dense  population,  especially  one  of  great  internal  morement. 
and  one  iu  contiunal  interchange  with  surrounding  populntions.  hy 
offering  greater  facilities  for  the  (rinveyance  of  contagion,  would  lead  to 
a  greater  amount  of  small-pox.  London  waa  a  eonspicuoiiB  instance  of 
the  above,  and  the  apparent  greater  prevalence  of  smsll-poi  ii>  London 
than  in  the  provinces  may  be  Attributed  to  the«e  CBuaes  :  but  it  would 
appear  that  the  increase  was  felt— as  indeed  would,  A /i/i>ii-/,  seem  pro- 
bable—rather  iu  the  constant  presence  of  small-pox  to  a  considerkbls 
amount  at  all  tiues  than  in  the  mortality  of  the  epidemics  when  U>e*e 
occurred.  And  the  same  seems  also  to  be  shown  to  a  less  extent  in  other 
large  cities,  such  as  Liverpool.  But  in  this  matter  of  dense  and  moving 
populations  the  eighteenth  century  did  not  ditfer  markedly  from  the 
early  part  of  the  nineteenth.  We  might  li  priori  expect  the  other 
acknowledged  imperfect  sanitary  conditions  of  the  eighteenth  century  to 
increase  the  fatality  of.  and  so  to  a  corresponding  extent  the  mortality 
from,  Bmall-pox  ;  hut  there  is  no  exact  evidence  to  confirm  this  supposi- 
tion. If  on  the  contrary  we  recognise  that  in  the  course  of  the  eighteonth 
centurj-  the  general  mortality,  the  relative  number  of  deaths  from  nil 
causes,  went  on  decreasing,  and  attribute,  as  has  been  done,  tliLs  decrease 
to  improved  sanitary  conditions,  no  like  decreaBe  of  small-pox  took  place. 
Again,  the  places  which  were  deemed  the  most  salubrious  appear  to  have 
been  visited  by  epidemics  of  small-pox  as  severe  as  those  which  fell  on 
unhealthy  places.  Thus  the  epidemic  in  Chester  in  1 774  was  undoubtedly 
a  Hcvere  one,  and  yet  Uaygarth  writes,  ''  The  healthiness  of  Cbeeler,"  ats 
shown  by  statistics.  "  must  appear  so  very  extraordinary  as  to  be  almost 
incredible.''  And  in  geneml  both  the  incidence  of,  and  mortality  from, 
small-pnx  seem  to  have  been  Car  less  affected  by  sanitary  conditions  than 
might  t\  jrriori  have  l>een  expected. 

It  may  be  ni^ed  against  the  view  that  the  decline  of  small-pox  was 
due  to  improved  sanitary  conditions,  in  the  first  place,  that,  admitting 
the  introduction  of  sanitary  improvements,  no  evidence  is  forthcoming 
to  show  that  during  the  first  quarter  of  the  nineteenth  century  tbette 
improvements  differentiated  that  quarter  from  the  last  quarter,  or  half, 
of  the  preceding  century  in  any  way  at  oil  comparable  to  the  extent 
of  the  differentiation  in  respect  to  small-pox.  In  the  second  plan, 
admitting  Apriitri  that  crowded  dwellings  tend  to  increaee  the  liability  to 
contagion,  and  so  the  prevalence  of  the  disease,  while  other  insanitary 
conditions  tend  in  addition  to  increase  the  fatality  among  those  attacked, 
BO  that  insanitary  conditions  as  a  whole  must  tend  to  increase  the 
mortality  from  small-pox. — no  evidence  is  forthcoming  which  distinctly 
shows  that  the  dependence  of  the  prevalence  of,  or  the  mortality  frroD, 
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•small-pox,  on  the  lack  of  sanitary  conditions,  was  a  feature  of  the  history 
-of  small-pox  during  the  eighteenth  century. 

Upon  the  whole,  then,  we  think  that  the  marked  decline  of  small-pox 
mortality  in  the  first  quarter  of  the  present  century  affords  substantial 
evidence  in  favour  of  the  protective  influence  of  vaccination. 

Age  Incide?ice  of  Smcdl-pox, 

A  study  of  the  age  incidence  of  small -pox  mortality  is  very  instructive. 
In  connexion  with  this  point  it  is  necessary  to  bear  in  mind  that  experi- 
ence has  led  to  the  conclusion  that,  whatever  be  the  protective  effect  of 
vaccination,  it  is  not  absolutely  permanent ;  the  most  convinced  advocates 
of  the  practice  admit  that  after  the  lapse  of  nine  or  ten  years  from  the 
date  of  the  operation  its  protective  effect  against  an  attack  of  small-pox 
rapidly  diminishes,  and  that  it  is  only  during  this  period  that  its  power  in 
that  respect  is  very  great ;  though  it  is  maintained  that,  so  far  as  regards 
its  power  to  mcAiify  the  character  of  the  disease  and  render  it  less  f&tal, 
its  effect  remains  in  full  force  for  a  longer  period,  and  never  altogether 
oeascs.  The  experience  upon  which  this  view  is  founded  is  derived  almost 
exclusively  from  the  case  of  infantile  vaccination.  It  has  been  supposed 
by  some  that  the  transitory  character  of  the  protection  results  from 
changes  connected  with  the  growth  from  infancy  to  adult  years.  Whether 
this  be  so  or  not,  we  have  no  means  of  determining. 

No  doubt,  when  Jenner  drew  the  attention  of  the  public  to  the  value 
•of  vaccination,  he  believed  that  a  single  successful  inoculation  of  vaccine 
matter  secured  absolute  immunity  for  the  future  from  an  attack  of  small- 
pox. It  is  certain  that  in  this  he  was  mistaken.  It  may  well  be  doubted 
whether  the  anticipation  was  a  reasonable  one.  No  such  immunity  is 
secured  by  an  attack  of  small-pox,  though  there  are  few  who  would 
maintain  the  proposition  that  it  is  without  protective  influence  against 
another  attack.  A  priori  there  would  seem  to  be  no  sound  ground  for 
expecting  that  vaccinia  would  afford  more  potent  protection  than  small- 
pox itself.  The  extent  of  the  protection  afforded  (assuming  that  there  is 
some  protective  influence)  could  only  be  determined  by  experience.  It  soon 
became  apparent  that  Jenner  had,  in  the  first  instance,  overrated  the 
effect  of  vaccination.  That  he  should  thus  have  overestimated  it 
is  not  to  be  wondered  at,  when  the  tendency  to  be  unduly  sanguine, 
which  besets  the  discoverer  of  any  new  prophylactic,  and,  indeed,  every 
discoverer,  is  borne  in  mind. 

We  think,  taking  it  all  together,  that  the  evidence  bearing  upon 
the  question  whether  the  vaccinated  are  less  liable  to  be  attacked  by 
small-pox  than  the  unvaccinated,  points  to  two  conclusions  :  first,  that 
there  is,  taking  all  ages  together,  less  liability  to  attack  among  the 
vaccinated  than  among  the  unvaccinated  ;  and  next,  that  the  advantage  in 
this  respect  enjoyed  by  vaccinated  children  under  ten  years  of  age  is 
greatly  in  excess  of  that  enjoyed  at  a  more  advanced  period  of  life. 

In  considering  whether  vaccination  has  been  the  principal  cause  of  the 
decline,  we  must  inquire  whether  the  other  causes  suggested  by  those  who 
deny  the  efficacy  of  vaccination  will  satisfaotorily  account  for  it. 
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Effect  of  Sanitatiixn. 

It  is  said  that  the  decline  has,  in  the  main,  been  due  to  changes  in  the 
general  conditions  of  life  in  the  different  parts  of  the  United  Kingdom, 
apart  from  the  spread  of  the  practice  of  Taccination, — amongst  other 
things,  to  improvement  of  sanitary  conditions. 

It  is  beyond  doubt  that  an  infections  disease  like  small-pox  is,  other 
things  being  equal,  more  likely  to  spread  in  toMms  than  in  country  districts, 
and  more  likely  to  spread  in  crowded  town  districts  than  in  others  not  so 
densely  populated  ;  so  that  we  should  expect  a  lessened  proportion  of 
overcrowded  dwellings,  by  diminishing  the  opportunities  for  contagion^ 
to  check  the  prevalence  of  the  disease  and  consequently  to  render  its 
mortality  less. 

Effect    of   halation. 

It  has  been  maintained  that   the  decline  in  small-pox  mortality  is 
largely  due   to  more  frequent  and  systematic  attempts  to  isolate  those 
suffering  from  small -pox.    We  think  an  answer  to  this  contention  is  to  be 
found  in  the  fact  that  it  is  only  in  quite  recent  years  that  there  has  been 
any  sjrstematic  practice  of  isolating  small-pox  patients,  and  that  it  has 
been  confined  even  then  to  a  very  limited  number  of  localities.     The 
fact  to  which  we  are  about  to  call  attention  in  greater  detail   than 
hitherto,  that  the  decline  in  the  deaths  from  small-pox  is  found  almost 
exclusively  among  those  of  tender  years,  appears  also  to  militate  against 
the  contention.      The  nsk  of  contagion  is  not  confined  to  children. 
Adults  also  are  subject  to  it.    If  a  better  system  of  isolation  had  been 
a  main  cause  of  the  reduced  mortality,  we  should  have  expected  to  see  it 
operate  in  the  case  of  adults  as  well  as  of  children.    At  the  same  time 
we  are  far  from  thinking,  as  will  appear  when  we  come  to  deal  with 
that  subject,  that  the  effortfl  at  isolation  which  have  characterised  recent 
years  liave  l)een  without  a  beneficial  effect  on  small-pox  mortality. 

»SV/  nit  I  ry    L  efjisla  ti  on . 

We  have  already  pointed  out  that  on  a  priori  grounds  it  is  reasonable 
to  think  that  improved  sanitary  conditions  would  tend  to  diminish 
the  fatality  of,  and  so  to  a  corresj)onding  extent  the  mortality  from, 
small-pox.  And  there  can  be  no  doubt  that  the  period  with  which 
we  are  dealing  has  been  characterised  by  an  improvement  of  this 
description.  There  has  l)een  better  drainage,  a  supply  of  purer  water, 
and  in  other  respects  more  wholesome  conditions  have  prevailed. 

It  may  l»e  useful  at  this  point  to  furnish  a  brief  summary  of  the 
principal  Sanitary  Acts  which  have  l)eeu  passed  relating  to  the  different 
parts  of  the  United  Kingdom. 

In  1H48  was  passed  the  first  great  and  comprehensive  measure  which 
may  be  called  the  groundwork  of  our  sanitary  legislation  as  regards 
England.  The  Public  Health  Act  of  184H  was,  however,  principally 
designed  for  towns  and  populous  places  in  England  and  Wales,  not 
iiicludiufj  the  Metropolis,  which  was  dealt  with  in  Acts  passed  in  the 
sjinie  year.  The  i>owers  of  local  government  supplied  by  the  Act  were 
generally  an   extension  of    those  before  given  by  sundry  local  Acts  to 
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Oommissioners  of  Sewers  in  the  Metropolis,  and  to  authorities  in  a  few 
large  towns.  Many  provisions  corresponding  to  sections  in  the  Towns 
Improvement  Clauses  Act  of  1847  are  found  in  the  Public  Health  Act) 
and  communities  were  thus  enabled  to  obtain  by  a  simple  process  powers 
which  they  could  not  previously  obtain  except  by  a  local  4-ct  incorporating 
sections  of  the  Towns  Improvement  Glauses  Act. 

In  1848  was  also  passed  the  Nuisances  Removal  and  Diseases  Preven- 
tion Act  of  that  year,  in  substitution  for  a  similar  Act  of  1846  which  was 
about  to  expire ;  and  in  1849  this  Act  of  1848  was  amended.  The 
provisions  of  all  these  three  Acts  extended  to  England,  Scotland  and 
Ireland.  In  1855  a  comprehensive  Nuisance  Removal  Act  was,  as  regards 
England,  substituted  for  the  Acts  passed  in  1848  and  1849 ;  and  in  the 
following  year  there  was  similar  legislation  for  Scotland.  In  1860  the 
English  Act  was  amended  ;  and  in  18G6,  by  the  Sanitary  Act  of  that  year 
{to  which  we  shall  again  refer),  the  provisions  of  the  English  Acts  of  1855 
and  1860,  as  then  amended,  were  applied  to  Ireland. 

In  1855,  by  the  Metropolitan  Local  Management  Act  of  that  year, 
provision  was  made  for  the  appointment  of  a  medical  officer  of  health 
and  an  inspector  of  nuisances  by  every  vestry  and  district  board  in 
the  Metropolis.  This  provision  did  not  extend  to  the  City  of  London, 
wh^re,  in  1848,  a  medical  officer  of  health  had  been  appointed  under 
power  given  by  a  local  Act. 

In  1858,  the  Local  Government  Act  of  that  year,  to  be  construed  with 
the  Public  Health  Act  of  1848  as  one  Act,  was  passed,  and  took  effect  in 
all  places  where  that  Act  was  in  force  at  the  time  of  its  passing  ;  and, 
as  regards  England,  these  two  Acts  together  constituted  until  1872  the 
principal  sanitary  legislation  on  the  statute-book. 

There  followed,  however,  within  the  next  ten  years  many  public  Acts 
having  sanitary  objects,  some  applying  to  all,  and  some  to  particular,  parts 
of  the  United  Kingdom,  besides  numerous  other  Acts  of  local  application. 
We  need  only  now  specially  refer  to  one  of  these  public  statutes — the 
Sanitary  Act  of  1866,  which  was  probably  the  most  important,  and  applied, 
in  part  at  least,  to  England,  Scotland  and  Ireland.  This  Act,  amongst 
other  things,  extended  the  powers  of  local  authorities  for  the  disposal  of 
sewage,  and,  in  amending  the  English  Nuisances  Removal  Acts  of  1855 
and  1860,  added  to  the  definitions  of  nuisances,  especially  as  regards 
crowded  houses  and  workshops,  and  to  the  duties  and  powers  of  local 
authorities  for  their  abatement,  especially  in  the  way  of  providing  means 
for  disinfection  and  places  for  the  reception  of  dead  bodies. 

In  1867  the  Public  Health  (Scotland)  Act  was  passed — a  comprehensive 
measure  which  consolidated  into  one  Act,  with  certain  amendments,  the 
whole  statute  law  relating  to  the  public  health  in  Scotland. 

In  1872  a  complete  distribution  of  England  into  sanitary  districts  took 
place,  and  some  further  amendments  were  made  in  the  sanitary  laws.  In 
1875  these  laws  were  consolidated  in  the  Act  of  that  year.  In  1891 
a  Sanitary  Act  was  passed  relating  to  the  Metropolis. 

In  1874  an  Act  was  passed  for  Ireland,  containing  substantially  the 
same  provisions  as  those  which  had  been  enacted  in  the  case  of  England 
in  1872. 


6Tft 

Vabie  t^  FflMttiatMMJ 
Wv  hMB  not  dinagudwl  tbi  arsniaealt  addnoad  teO*  p«ipaMi'«#- 
itMwi^  tlMt  %  bdUf  in  TMOBaiioa  i>.  nsrappoiied  \if  %  jwt  vfaw  of  a» 
iMis,  W* have MidMTOatnd to gm  fall  w«i(^t  to ^am.  HaTu^doaVKv 
H  haa  speared  io  na  impoaaibla  to  raaiit  tlie  oopalnaion  tiiat  TaoaiortigB ' 
Lm  a  pn>tootiT«  effaet  in  nlatioo  to  amall-pox. 
Wa  Uunk  :— 

1.  Oliat  it  diminidiaa  tha  liabili^  to  b«  attaaked  br  Uia  iKaaai. 

3.  That  it  modiflea  tlw  abanotar  of  tiu  dianaa,  and  ranJin  it 

(a)  1MB  fMal,  and  ((}  of  a  miUar  or  laat  aavan  typa^ 

5.  Thai  the  ptotaotini  it  aAvda  againat  attacks  o<  the  iBawaw  Ift- 

gnatnt  during  tba  j»n  inmudiatalj  aaooeeding  tha  opanUica 
tA  Toociaatkm.  It  ia  in^KMble  to  fix  mth  pmeUaoai  tt» 
leogfli  tA  thia  pariod  (tf  bighaat  proteetioB.  Th<M|^  not  ni 
all  oaaaa  tha  aama,  if  a  pa^iod  ia  to  be  fixed,  it  mi|^t,  «•  think^ 
Inrif  be  Hid  to  oorcr  in  general  a  pepod  of  nine  oc  tnn  ;faan> 

4.  That  aftar  tha  Ii^paa  of  ^  penod  of  faig^t  proteotiTC  potanqf, 

tha  affiouj  of  Taednation  to  proteo^  against  attaiA  txpSkf 
dimniAea,  but  that  it  ia  atill  oooaideFaUe  in  the  nnxt  qaiB-  . 
qnenninm,  and  poadbly  never  altogatbv  eeaaaa, 
h.  That  ita  power  to  mocUfy  the  obancter  of  the  diaoaio  ia  nbo- 
greateat  in  the  period  in  which  i))i  power  to  pvteet  ftw. 
attedc*  ia  greeteat ;  but  Ihat  iti  power  thna  to  modify  tba 
diaeaae  does  not  ■^''"■"■'^  aa  rapidly  aa  ita  pioteetiTe  inflniaw 
against  atbuka,  and  ita  efficacy  during  tha  later  perioda  of  Ixfe- 
to  modify  the  disease  is  still  very  oonBiderable. 

6.  That  re- vaccination  restores  the  protection  which  lapse  of  time 

baB  diminished  ;  but  the  evidence  shoivs  that  this  protection 
again  ditniuiHhes,  and  that,  to  ensure  tbe  highest  degree  of 
protection  which  vaccination  can  give,  the  operation  should  be 
at  interrala  repeated. 

7.  That  the  beneficial  effects  of  vaccination  are  most  experienced 

by  those  in  whose  case  it  has  been  most  thorough.  We  think 
it  may  fairly  be  concluded  that  where  tbe  vaccine  matter  ia 
inserted  in  three  or  four  places,  it  is  more  effectual  than 
when  introdaced  into  one  or  two  places  only— and  that  if  tbe 
vaccination  marks  are  of  an  area  of  half  a  square  inch,  tbey 
indicate  a  better  state  of  protection  than  if  their  area  be  at  all 
considerably  below  this. 

Qtititton  of  Spi'cijk  ProlrelioR  or  of  Antngimism. 
When  an  attack  of  disease  secures  immunity  or  protection  against 
another  attack  of  disease,  tbe  two  attacka  are,  as  a  rule,  attacks  of  tbe 
same  disease.  Some  patholt^ists  have,  it  is  true,  of  late  years  been  led  to 
suppose  that  one  disease  may  confer  some  degree  of  immunity  or  protec- 
tion against  another  different  disease  ;  but  instanoas  of  this  are  few,  and, 
moreover,  cannot  be  regarded  as  thoroughly  established.  Tbe  ordinary 
instances  of  immunity  are  so  clearly  those  in  which  the  attack,  natural  vc 
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artificial,  which  confers  the  immunity  is  of  the  same  disease  as  that  towards 
which  immunity  is  conferred,  that  identity  of  disease  has  been  considered 
as  essential  to  the  conferring  of  immunity.  And  it  has  been  argued  that 
it  is  h  priori  improbable  that  cow-pox  should  confer  immunity  from  small- 
pox, seeing  that  the  two  are  different  diseases.  Such  a  purely  theoretical 
argument  can  have  little  weight  against  positive  evidence  of  vaccination 
having  actually  conferred  immunity.  If  this  be  definitely  proved  to  be  the 
fact,  proof  is  thereby  at  the  same  time  afiforded  that  the  theory  is  unsound, 
either  because  a  particular  disease  may  confer  immunity  against  a  different 
disease,  or  because  small-pox  and  cow-pox  are  not  different  diseases.  For 
the  practical  object  with  which  alone  we  are  concerned,  it  is  not  material 
that  we  should  reach  any  conclusion  upon  the  question  what  is  the  real 
source  of  error  in  the  theory  alluded  to,  supposing  it  to  be  erroneous  ? 
We  shall  content  ourselves,  therefore,  with  a  very  brief  notice  of  the 
subject. 

It  appears  to  us  that  we  may  dismiss  for  practical  purposes  the 
theoretical  questions  which  were  discussed  before  us  so  fully.  If  the  fact 
be  established  that  the  introduction  of  vaccine  matter  and  the  consequent 
vaccinia  produce  some  effect  upon  the  human  body  which  renders  it  less 
susceptible  to  small-pox,  or  which  modifies  that  disease  when  the  small-pox 
virus  enters  the  system,  it  will  not  be  a  strange  or  unwonted  experience 
that  we  should  be  unable  to  explain  how  this  comes  about.  Science 
has  not  yet  succeeded  in  freeing  therapeutics  or  kindred  subjects  from 
obscurity,  or  in  solving  all  the  problems  which  they  present.  The  precise 
vwdiM  operamU  by  which  a  previous  attack  of  a  disease  furnishes  security 
against  a  subsequent  attack  by  the  same  disease  has  not  yet  been  elucidated. 
There  can  be  no  cause  for  astonishment,  then,  if  we  are  unable  to  trace 
the  steps  by  which  vaccination  exerts  a  protective  influence,  supposing 
the  fact  that  it  does  so  be  established,  nor  is  it  essential  that  we  should 
succeed  in  tracing  them.  Our  inability  to  accomplish  this  does  not  seem 
to  us  to  be  the  slightest  reason  for  regarding  with  doubt  the  conclusions 
to  which  the  facts  lead  us. 

Professor  Crookshank,  than  whom  no  one  has  more  strongly  insisted  on 
the  theoretical  arguments  against  the  protective  influence  of  vaccination  in 
relation  to  small-pox,  gives  it  as  his  opinion  that  vaccination  creates  a 
transient  antagonism  to  that  disease.  We  understand  his  view  to  be  that 
an  attack  of  disease  can  only  afford  protection  against  the  same  disease, 
and  that  small-pox  and  cow-pox  are  not  the  same  but  different  diseases. 
We  gather,  however,  that,  in  his  opinion,  so  long  as  the  state  of  antagonism 
lasts,  the  person  in  whose  system  it  exists  is  less  likely  to  suffer  from 
small-pox  than  he  would  be  if  the  state  of  antagonism  were  wanting"! 
This  seems  to  us  to  amount  in  effect  to  the  same  thing  as  saying  that 
during  that  period  vaccination  has  conferred  some  protection.  Whether 
the  effect  be  to  create  antagonism  or  to  confer  protection,  and  whatever 
difference  there  be  between  the  modus  operandi  in  the  one  case  and  in  the 
other,  we  know  equally  little  about  it.  If  a  condition  of-  transient 
antagonism  to  small-pox  is  induced  by  vaccination,  theoretical  considera- 
tions will  not  afford  a  guide  of  the  slightest  value  to  the  conclusions  how 
long  this  transient  antagonism  will  last,  or  how  soon  it  will  pass  away. 
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Experience,  and  experience  alone,  can  answer  that  question.  A  priori  we 
do  not  see  that  there  is  any  better  reason  for  supposing  that  it  woald  last 
for  two  or  three  years  than  that  its  duration  would  extend  to  ten  years. 

Cow-pox  and  Smnll-pox  not  Convertible. 

Jenner  himself,  in  his  first  paper,  advanced  the  view  that  the  cow-pox 
and  small-pox  were    identical    with   each  other ;    and  since    his    time 
numerous  observers  have  attempted  to  prove  the  identity  of    the  two 
diseases  experimentally — namely,  by  giving  rise  to  cow-pox  in   the  cow 
through  the  inoculation  of  small-pox  matter,  or  by  the  introdaction  of 
contagion  in  other  ways.     It  may  at  once  be  stated  that  while  cow-pox 
is  readily  transferred  from  the  cow  to  man  and  back  again  from  man  to 
the  cow,  the  disease  in  man  being  identical  with  that  in  the  cow,  small- 
pox cannot  be  transferred  from  man  to  the  cow  so  as  to  give  rise  to  a 
disease  in  the  latter  identical  in  its  features  with  the  small-pox  of  man. 
l^OT  can  cow-pox   be  so  transferred  to  man  as  to  give  rise  in  him  to 
small-pox.     The  two  diseases  are  not  in  this  sense  convertible. 

Small-pox  Vticcine. 

In  most  cases  the  attempt  to  transfer  small-pox  from  man  to  the 
cow  has  had  simply  a  negative  result ;  no  obvious  effect  of  any  kind  has 
been  observed.  This  has  been  the  case  in  the  attempts  to  introduce  the 
contagion  through  absorption  by  the  respiratory  or  digestive  organs,  and 
in  most  of  the  attempts  to  introduce  the  contagion  by  inoculation.  In 
certain  instances  these  latter  attempts  have  produced  results  which  may 
be  briefly  described  in  three  categories.  (We  may  pass  over  the  isolated 
experience  of  Thiele,  who  in  1838  asserted  that  by  keeping  small-pox 
matter  sealed  between  glass  plates  for  ten  days  before  using  it,  and 
by  diluting  it  with  milk  when  using  it  for  inoculation,  the  matter  thus 
treated  through  ten  removes  through  the  human  lK)dy — the  cow  not 
intervening  at  all-  was  converted  into  something  which  gave  results 
identical  with  those  of  ordinary  vaccine  matter.  We  are  not  aware  of 
any  attempt  to  corroborate  this  experiment.) 

The  first  category  includes  the  experiments  in  which  the  inoculation 
of  small-pox  matter  into  tlie  udder,  or  adjoining  parts,  of  the  cow  gave 
rise  at  or  near  the  seat  of  inoculation  to  a  vesicle,  either  identical  in 
visible  characters  with  the  ordinary  vaccine  vesicle  produced  by  inocula- 
tion with  the  matter  of  cow-pox,  or  to  a  vesicle  the  features  of  which, 
while  not  corresponding  wholly  with  those  of  a  perfect  vaccine  vesicle, 
so  closely  resembled  them  as  to  justify  the  vesicle  being  called  a  vaccine 
vesicle.  Further,  the  matter  from  a  vesicle  which  at  the  first  inoculation 
had  not  the  characters  of  a  perfect  vaccine  vesicle,  when  carried  through 
a  second  or  third  remove  in  the  cow,  fully  acquired  those  characters,  and 
when  transferred  to  man  gave  results  indistinguishable  from  the  ordinary 
vaccine  vesicle.  Indeed,  lymph  of  such  an  origin  has  come  into  general 
use  for  vaccination  purposes.  Of  the  experiments,  the  best  known  or 
most  quoted  are  those  of  Thiele  (1H3H),  Ceely  (1840),  Badcock  (between 
1840  and  18G0),  Voigt  (1881),  Haccius  and  Eternod  (1890),  King  (1891), 
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Simpson  (1892),  and  Hime  (1892)  ;  but  there  are  several  others.  The 
-details  of  the  experiment  are  very  scanty  in  the  cases  of  Thiele  and 
Badcock,  but  more  full  in  the  others,  especially,  perhaps,  those  of  Geely 
and  Haccius. 

In  the  second  category  may  be  placed  the  experiments  of  Klein  and 
Gopeman.  Klein,  who  had  in  1879  obtained  in  31  trials  what  then 
appeared  simply  negative  results,  found  in  a  renewed  research  in  1892 
that  the  result  of  the  first  inoculation  in  the  cow  of  small-pox  matter 
was  not  a  distinct  vesicle  but  merely  a  thickening  and  redness  of  the 
wound.  Lymph  pressed  from  the  thickened  wound  produced,  when 
inoculated  into  a  second  cow,  a  like  result,  but  rather  more  marked  ; 
the  thickening  and  reddening  still  further  increased  with  a  third  and 
a  fourth  cow.  Lymph  squeezed  from  the  wounds  of  the  fourth  cow 
produced  in  a  child  typical  vaccine,  and  crusts  from  the  child  produced 
typical  vaccine  in  a  cow.  Copeman  obtained  somewhat  similar  results  ; 
the  appearances  increasing  in  three  removes  and  approaching  those  of 
typical  vaccine,  but  not  reaching  them. 

The  third  category  consists  of  the  results  obtained  in  an  elaborate 
inquiry  conducted  by  a  Commission  of  the  Society  of  Medical  Sciences  at 
Lyons,  with  Chauveau  at  its  head.  Those  results,  reported  in  1865,  were 
briefly  as  follows  : — 

Inoculation  of  the  cow  with  small-pox  matter  in  any  one  of  the  30 
animals  used  did  not  give  rise  to  a  vaccine  vesicle.  Nevertheless  a 
definite  result  was  obtained  ;  in  the  form,  however,  not  of  a  vesicle,  but 
of  a  thickening  and  inflammation  of  the  wound  ;  when  a  puncture  was 
-employed  this  became  a  papule.  Lymph  squeezed  from  such  a  papule 
and  inserted  into  a  second  animal  gave  rise  to  a  like  pap  ale  :  and  this, 
again,  might  be  used  for  a  third  animal,  but  often  failed  ;  and  the  effect 
could  in  no  case  be  carried  on  through  more  than  three  or  four  removes. 

When  the  inoculation  was  repeated  on  an  animal  in  which  a  previous 
inoculation  had  produced  such  a  papule,  no  distinct  papule  was  formed  ; 
and,  moreover,  lymph  squeezed  from  the  seat  of  inoculation  produced  no 
effect  at  all  when  used  for  the  subsequent  inoculation  of  another  animal. 
This  shows  that  the  development  of  the  papule  was  the  result  of  the 
specific  action  of  the  virus.  The  same  is  shown  by  the  fact  that  no  such 
papule  was  produced  when  the  small-pox  matter  was  inserted  into  an 
animal  which  had  previously  had  cow-pox  naturally  or  artificially,  as  well 
as  by  the  fact  that  when  an  attempt  was  made  to  vaccinate,  with  vaccine 
matter  of  proved  efficacy,  an  animal  on  which  a  papule  had  been  so 
developed  by  inoculation  with  small-pox,  the  vaccination  failed,  though 
the  animal  had  never  had  natural  cow-pox  or  had  never  been  vaccinated. 
The  specific  nature  of  the  lymph  of  the  papule  is  further  shown  by  the 
fact  that  such  lymph  when  used'  on  the  human  subject  gave  rise  to  veri- 
table small-pox.  It  has  been  urged  that  in  this  case  the  vims  producing 
the  efPect  was  simply  the  old  virus  used  in  the  inoculation,  producing 
the  papule  and  still  clinging  to  the  wound.  This  is  disproved  by  the 
experience  that  lymph  from  a  jxijmle  of  the  second  remove  also  gave  rise  in 
the  human  subject  to  veritable  small-pox. 

Thus  Chauveau  and  his  Commission  found  that  small-pox  implanted 
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in  the  cow  gave  rise  to  a  specific  effect  which  was  not  cow-pox  but  wa» 
of  the  nature  of  small-pox,  though  its  manifestations  in  the  cow  were 
different  from  those  of  small-pox  in  man.  They  also  obtained  similar 
results  in  attempting  to  transfer  small-pox  to  the  horse. 

It  must  be  admitted  that  the  results  finally  obtained  in  some  of  the 
successful  cases  were  indistinguishable  from  those  of  vaccination  :  the 
characters  of  the  local  vesicle,  the  absence  of  eruptive  pustules  and  of 
contagiousness,  show  that  the  lymph  thus  apparently  originating  from 
small-pox  in  the  hands  of  Ceely,  Badcock,  and  others,  was  vaccine  lymph. 
It  has  been  urged  that  a  vaccine  vesicle  making  its  appearance  in  the 
wound  of  inoculation  with  small-pox  was  due  to  the  accidental  intro- 
duction of  cow-pox  matter  into  the  wound  ;    the  small-pox  matter  in 
the  wound  produced  no  effect,  and  the  cow-pox  matter  its  usual  e£fect. 
Several  considerations  support  this  view.     The  cow  is  peculiarly  suscep- 
tible  to  cow-pox.      In    some   cases    (Geely,    Voigt),    the    animal    was 
vaccinated  as  well  as  inoculated  with  small-pox  :   thus,  in  Ceely's  first 
case,  the  animal  was  inoculated  with  small-pox  on  one  side  of  the  body, 
and  a  few  days  after  vaccinated  on  the  other  side.     In  many  cases  the 
experiments  were  conducted  in  an  animal  vaccine  establishment,   the 
stalls,  the  operating  tables,  and  the  assistants  being  those  used  or  engaged 
in  vaccination.     It  is  true  that  in  some  cases  at  least  special  precautions^ 
sterilisation  of  instruments  and  the  like,  were  taken  to  avoid  the  accidental 
introduction  of  cow-pox  ;  but  in  observations  of  this  kind  the  difliculties 
of  avoiding  all  such  sources  of  error  are  notorious.    Still  the  suoceasf  ul 
cases  are  now  so  numerous  that  it  is  difficult  to  resist  the  <x>nclu8ion  that 
the  same  accident  could  not  have  occurred  in  all,  and  that  a  transformation 
of  small-pox  into  cow-pox — tfuit  in  to  say^  into  the  artificially  inoculated 
cow-pox  which  we  Cfill  vavciue  * — really  took  place. 

Accepting  this  view  provisionally,  it  may  be  remarked  that  in  most 
cases  the  transformation  was  sudden  and  complete  ;  the  small-pox  virus, 
under  the  influence  of  the  tissues  of  the  cow,  became  immediately 
converted  into  vjiccine  virus,  and  this  produced  a  typical  vaccine  vesicle. 
In  some  cases  (r.r.  //?•.,  that  of  Hime)  the  transformed  virus  produced  its 
effect  not  in  the  wound  of  inoculation,  or  not  chiefly  ao,  but  at  some  little 
distance  from  it.  In  some  cases  the  characters  of  the  vesicle  first  formed^ 
thouj^li  sufficiently  distinct  to  justify  the  vesicle  being  called  a  vaccine 
vesicle,  were  not  those  of  a  perfect  vaccine  vesicle,  but  the  lymph  from 
such  a  vesicle,  at  least  after  one  or  two  removes,  gave  rise  to  most  typical 
vaccine  vesicles. 

In  Klein's  experiments  the  transformation  was  gradual.  In  his  fourth 
cow,  the  virus  was  jis  yet  not  typical  vaccine,  since  it  did  not  produce  a 
typical  vesicae  ;  yet  it  was  so  far  already  vaccine  that,  transferred  to  the 
child,  it  produced  typical  vaccine  (unless  we  suppose  some  accidental 
introduction  of  vaccine  to  have  taken  place).  That  the  vesicle  on  the 
child  was  vaccine,  and  not  small-pox  unacconi]>anied  by  eruptive  pustules* 
was  shown  not  only  by  its  characters  but  also  by  the  fact  that  lymph  from 
it  produced  typical  vaccine  in  the  cow. 

In  Chauveau's  experiments  no  transformation  at  all  took  place. 

*  The  italicH  are  mine. — E.M.C. 
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As  has  been  urged  in  another  place,  there  are  no  adequate  reasons 
leading  us  to  believe  that  in  the  human  subject  the  small-pox  virus  and 
the  cow-pox  virus  can  so  act  on  each  other  as  to  form  a  hybrid  disease. 
But  this  does  not  preclude  the  view  that,  accepting  the  conclusion  that 
the  body  of  the  cow  has  the  power  to  convert  small-pox  into  vacciney  the 
virus  may  exist  for  a  while  in  a  phase  in  which,  while  ceasing  to  be 
typical  small-pox,  it  has  not  yet  fully  acquired  the  characters  of  vaccine, 
and  we  may  regard  Klein's  results  as  illustrating  this.  In  some  of  the 
experiments — for  instance,  those  of  Ceely  and  Voigt — the  results  obtained 
with  the  lymph  of  the  vesicle  produced  by  the  inoculation  of  small-pox 
give  rise  to  the  suspicion  that  the  lymph  had  small-pox  qualities,  as  seen, 
for  example,  in  the  case  of  Ceely's  assistant,  Taylor  ;  but  the  facts  cannot 
be  said  to  be  more  than  suspicious — they  are  not  decisive.  Moreover, 
admitting  that  the  vesicle  itself  in  such  cases  was  the  result  of  the  trans- 
formed virus,  some  not  transformed  old  virus  might  still  remain  dormant 
in  the  wound,  and  might  be  present  in  the  lymph  of  the  vesicle,  mixed 
with  the  transformed  and  generating  virus ;  this  old  virus  might  have 
happened  to  be  in  excess  on  the  point  of  the  lancet  which  wounded 
Taylor. 

Small-pox  Vaccine — Cow-pox   Vaccine — Horse-pox   Vaccine — Cattle- 
plague.   Vaccine — Sheep-pox  Vaccitie. 

Taking  all  the  various  &cts  into  consideration,  we  seem  led  to  the 
provisional  conclusion  that  under  certain  conditions  the  tissues  of  the 
cow  are  able  to  transform  small-pox  into  vaccine^  that  these  conditions 
may  be  such  as  to  lead  to  the  transformation  being  sudden  and  complete, 
that  under  certain  other  conditions  the  transformation  may  be  gradual 
and  incomplete,  and  that  under  certain  other  conditions  (and  these  seem 
most  commonly  to  obtain)  the  transformation  into  vaccine  does  not  take 
place  at  all.  But  what  the  above  conditions  are  has  not  as  yet  been 
clearly  made  out.  It  has  been  suggested  that  one  condition  favourable 
to  the  transformation  is  extreme  youth  of  the  subject :  to  effect  the 
change  the  animal  used  should  be  a  calf  of  not  more  than  three  or  four 
months  old  :  but  this  is  not  definitely  proved. 

Until  these  favourable  conditions  have  been  clearly  recognised,  so  that, 
the  conditions  being  fulfilled,  the  transformation  will  always  be  secured, 
the  conclusion  cannot  be  regarded  as  indisputable.  Moreover,  it  must 
be  borne  in  mind  that  effects  more  or  less  closely  resembling  a  vaccine 
vesicle  have  been  at  various  times  obtained  by  various  observers  through 
inoculating  man  or  the  cow  or  another  animal  with  material  other 
than  that  obtained  from  the  pustules  of  the  small-pox  of  man.  Much 
discussion  has  taken  place  concerning  the  '^  grease  "  of  the  horse,  which 
Jenner  believed  to  be  the  origin  of  the  cow-pox  of  the  cow.  Without 
entering  into  any  discussion  of  the  matter,  it  may  be  said  that  investiga- 
tion has  shown  that  horses  do  suffer  from  a  malady  which,  transferred  to 
the  cow,  gives  rise  to  a  vaccine  identical  apparently  with  that  produced 
by  the  inoculation  of  the  natural  cow-pox.  Hence  this  malady  is  spoken 
of  as  the  "  horse-pox,"  and  some  cases  at  least  of  so-called  "  grease  " 
appear  to  be  cases  of  this  horse-pox.     But  it  is  at  least  not  proved  that 
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H  mm/L  not  bitr  CorgrHUm  tbai  tbe  imrodoctioo  into  tbe  sjitcm  of  ereo 
fimM  Tinw,  bivwiirrer  car«rfoDj  peffomied,  u  Deccsanlj  aUcndcd  bj  the 
\mjdunium  r/f  U>cal  inflammation  and  of  febrile  illnew.  If  these  resoha 
4id  wA  in  mnn*:  nueaimn:  follow,  tbe  praetioe  would  probablj  fail  in  ita 
pf/jiectiire  inflitenee.  An  a  rule,  tbe  inflammation  and  illneas  are  of  a 
trifling  ebaru^ter ;  in  exeeptional  caaca,  bowerer.  thej  may  exhibit  more 
mymiy,  and^  aa  certain  facta  unbmitted  to  oa  in  evidenoe  baTe  abown, 
tli^rre  are  ouw;*,  tboogb  tbeae  are  rmref  where  a  (general  eruption  mmy 
UAUfW  Tacvnriation, 

In  (trdur  Ut  dc'termine  how  far  the  risk  of  erysipelas  is  a  necessary 
inddirrit  of  viu:cirmtion,  w(jat  in  tbe  extent  of  that  risk,  and  bow  it  may 
Inmi  \Hi  avoided,  it  is  m;cessary  to  consider  tbe  various  circumstances 
which  iriny  (H'A'Amtm  erynifiebiM  and  allied  diseases  in  the  case  of  vaccinated 
t'h\\i\rv.u ,  It  JH  enUiblinhed  that  lymph  contains  organi.sm9,  and  may 
i'.ituiiuu  iSnmiz  which  lindf.-r  certain  circumstances  would  be  productive  of 
'rrysifMrhiH.  It  iM  thcn:fore  poHsible  that  some  amtagious  material  (the 
n\H'.iM\i'.  viruM  of  «TyhifH;laM,  for  instance.)  may  be  conveyed  at  the  time  of 
Vtt<:*!i nation,  owin^  cither  to  its  presence  in  the  lymph  employed,  or  to  its 
h«in|^  con  Vi^yed  by  the  vaccinator  himwjlf,  or  by  those  with  whom  the 
child  conic'S  in  w>ntact  at  the  time  of  vaccination.  We  l>elieve  that  the 
cuHi'H  in  which  th<!  virns  in  conveyed  at  the  time  of  vaccination  are  rare. 
It  haf<,  however,  in  some  instaiiceH  been  clearly  ehtablished,  the  immediate 
orciirn^tHUj  of  ttrysipehiH  in  Kcveral  co-vaccinees  making  it  practically 
c<!ituin  that  some  vims  was  conveyed  at  the  time  of  the  operation.  In 
Honiii  inhtunc(;s  wlu^re  this  has  been  the  case,  and  there  is  every  reason  for 
bilicving  that  the  contaj^ion  was  conveyed  through  the  medium  of  the 
lymph,  it  in  ncverLhelcHs  in  evidence  that  the  vaccinifer  did  not  display 
anything  innro  than  a  wlightly  inflamed  arm.  The  scrupulous  avoidance 
of  iiillanicd  ainiK  in  vaccinifers  will  do  much  to  reduce  the  risk  of 
«'onvi<ying  oryhipelas  in  the  act  of  vaccination  (a  risk  which,  as  we  have 
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seen,  has  been  proved  to  be  a  very  alight  one),  but  it  is  possible  it  would 
not  wholly  remove  it. 

We  have  dwelt  upon  features  presented  by  the  cases  of  erysipelas  and 
various  forms  of  septic  disease  which  have  followed  vaccination,  because 
they  suggest  precautions  which  may  be  adopted  to  lessen,  if  not  to 
prevent,  such  evils  in  the  future.  If,  for  example,  vaccination  were 
performed  at  the  patient's  home  instead  of  at  a  public  vaccination  place, 
the  chance  of  disease  being  contracted  at  the  time  of  vaccination  would 
be  to  some  extent  diminished  ;  and  the  same  may  be  said  of  the  inspection 
of  the  vaccinated  person  which  takes  place  eight  days  after  the  operation. 
On  these  points  we  shall  have  some  remarks  and  recommendations  to- 
make  at  a  later  stage  of  our  report. 

A  study  of  the  cases  which  have  been  made  the  subject  of  careful 
examination  and  report  points  to  the  conclusion  that  an  exercise  of 
greater  care  woulfl  largely  diminish  the  risk,  already  small,  of  erysipelas- 
contagion  and  blood-poisoning. 

Although  it  may  be  confidently  hoped  that  by  additional  care  on  the 
part  both  of  vaccinators  and  parents,  the  number  of  inflamed  arms  and 
of  cases  of  erysipelas  may  be  reduced  to  very  few,  yet  it  is  not  to  be 
expected  that  such  occurrences  will  be  wholly  prevented.  A  vaccination 
wound  is,  like  one  from  any  other  cause,  so  long  as  it  exists,  a  source  of 
some  risk. 

The  use  of  calf -lymph,  though  it  may  be  supposed  to  be  more  free 
from  the  risk  of  conveying  erysipelas,  does  not  appear  to  prevent  inflamed 
arms.  Some  witnesses  have  indeed  supposed  that  it  is  attended  with 
more  risk  of  inflammation  than  the  employment  of  that  taken  from  the 
human  subject.  This  opinion  has  not,  however,  been  corroborated  by 
some  of  those  of  widest  experience. 

Nothing  has  produced  so  deep  an  impression  hostile  to  vaccination  as 
the  apprehension  that  syphilis  may  be  communicated  by  it.  It  was  at 
one  time  doubted  whether  syphilis  could  result,  and  it  was  even  confi- 
dently asserted  that  it  could  not.  The  fact  that  this  was  possible  bad 
been  fully  established,  and  was  generally  acknowledged  by  the  medical 
profession,  before  we  commenced  our  inquiries. 

The  very  close  resemblance  in  certain  very  rare  cases  of  the  results 
of  vaccination,  whether  with  balf -lymph  or  humanised  lymph,  to  those 
attributed  to  syphilis  (a  resemblance  so  close  that  it  has  caused  in  a  few 
cases  a  difference  of  opinion  whether  the  disease  was  syphilis  or  vaccinia) 
has  led  to  the  expression  by  Dr.  Oreighton  of  the  opinion  that  there  is 
some  essential  relationship  between  the  two  diseases.  This,  however, 
is  a  point  of  speculative,  almost  it  might  be  said  of  transcendental 
pathology,  upon  which  for  practical  purposes  it  is  useless  to  enter.  It 
must  be  suflicient  to  remark  that,  whatever  may  be  the  relationship 
alluded  to,  it  exists,  if  it  exists  at  all,  equally  between  small-pox  and 
syphilis  as  between  vaccination  and  syphilis.  For  all  practical  purposes 
variola  and  vaccinia  are  both  wholly  distinct  from  syphilis,  and  their 
differences  are,  with  the  rarest  exceptions,  easily  recognised.  They  are 
alike  in  being  attended  by  affections  of  the  skin  and  mucous  membranes, 
and  exceptionally  by  disease  of  the  bones,  eyes,  and  other  parts  ;  but  in  all 
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the9&  it  is  a  question  of  resemblance  and  not  of  identity  with  which  we 
have  to  deal. 

Only  a  few  items  of  the  evidence  prodaced  before  ns  appear  to  require 
special  notice  :  among  these,  the  most  prominent  is  what  has  been  known 
as  the  ^^  Leeds  case,"  upon  which  we  have  heard  the  evidence  of  Mr. 
Ward,  Mr.  Littlewood  and  Dr.  Barrs.     The  witnesses  named  regarded  it  as 
a  case  of  syphilis,  conveyed  by  vaccination,  bat  all  of  them  admitted  that 
the  course  of  events  was  most  nnusuaL     We  have  carefully  investigated 
this  case,  and  notwithstanding  the  opinion  formed  by  the  witneesea,  there 
appears  good  reason  to  doubt  whether  it  was  one  of  syphilis.     The  case  was 
made  the  subject  of  careful  inquiry  by  Dr.  Barlow  on  our  behalf,  who 
shared  the  doubt  we  have  expressed.     The  view  taken  by  the  medical 
inspector  of  the  Local  Government  Board  who  in  the  first  instance  in- 
vestigated the  case  was  that  it  was  a  case  of  hereditary  syphilis.     It  aeems 
certain,  however,  that  the  parents  of  the  child  whose  death  was  in  question 
were  not  in  any  way  affected  with  syphilis.     The  vaccinifer  also  appeared 
to  be  free  from  any  taint  of  that  disease,  and  its  family  history  confirmed 
this  view.    The  co-vaccinees  from  the  same  Ijrmph  also  exhibited  no  trace 
of  syphilis.     These  facts  of  themselves  make  out  a  strong  case  against 
that  having  been  the  nature  of  the  disease.     Coupled  with  the  fact  that 
it  could  not  have  been  communicated  by  the  vaccinator  himself,  they  seem 
to  render  it  practically  impossible  that  syphilis  was  the  cause  of  death. 
If  the  symptoms  exhibited  had  in  all  respects  corresponded  with  those 
which  are  known  to  characterise  syphilis,  the  proper  inference  might  have 
been  that  there  was  some  error  in  ascertaining  the  facts  of  the  case.     But 
it  is  beyond  question  that  the  course  of  events  was  very  different  in  some 
respects  from  that  experienced  in  undoubted  cases  of  syphilis,  and  we 
think  the  true  conclusion  is  that  it  was  not  a  case  of  that  disease.     It  may 
probably  l)e  claHsed  with  a  few  others  as  examples  of  gangrene  and  blood- 
poisoning,  the  direct  result  of  vaccination,  which  are  not  to  be  explained 
by  suppoHing  the  introduction  of  any  syphilitic  or  other  poison.     Fortu- 
nately, such  caseH   are   extremely  rare — bo   much   ho  that  the  wituesstH 
concerned  knew  of  no  caHe  preciMcly  parallel. 

The  evidence  offered  to  uh  would  lead  to  the  belief  that,  whilst  with 
ordinary  cjire  the  risk  of  communication  of  syphilis  in  the  practice  of  arm- 
to-arm  vaccination  can  for  the  most  part  Ix)  avoided,  no  degree  of  caution 
can  confer  an  absolute  security.  The  rejection  as  vaccinifers  of  young 
infanta,  say  below  four  months  of  age  (in  whom  congenital  syphilis  may 
be  as  yet  undeclared),  and  of  adults  (in  whom  the  disease  may  possibly 
have  been  recently  acquired)  are  precautions  which  would  probably  shut 
out  almost  the  whole  of  the  risk.  The  outbreaks  of  syphilis  in  connection 
with  vaccination  which  have  been  mentioned  to  the  Commission  (all  of 
which  had  Ikjcu  previously  published)  have  occurred  chiefly  in  arra-to-arm 
vaccination  amongst  soldiers,  or  from  the  use  as  vaccinifers  of  young 
infants  the  offspring  of  parents  whose  history  was  not  known  to  the 
vaccinator.  It  must,  however,  be  admitted  that  neither  the  examination 
of  the  vaccinifer  if  taken  alone,  and  without  a  knowledge  also  of  the 
parents,  nor  the  most  scrupulous  avoidance  of  any  visible  admixture  of 
blood  with  the  lymph,  are   in   themselves,  however  valuable,  sufficient 


REPORT   OF  THE  ROYAL  VACCINATION  COMMISSION.  687 

absolutely  to  exclude  risk.  The  evidence  given  by  Dr.  Husband,  of  the 
Vaccine  Institution  of  Edinburgh,  established  the  fact  that  all  lymph, 
however  pellucid,  does  really  contain  blood  cells.  Absolute  freedom  from 
risk  of  syphilis  can  be  had  only  when  calf- lymph  is  used  ;  though  where 
the  antecedents  of  the  vaccinifer  are  fully  ascertained,  and  due  care  is 
used,  the  risk  may  for  practical  purposes  be  regarded  as  absent. 

It  is  obvious  that  the  employment  of  calf -lymph  only  would  wholly 
exclude  the  risks  as  regards  both  syphilis  and  leprosy.  Respecting  the 
latter  disease,  however,  there  appears  to  be  reason  to  doubt  whether  any 
risk  exists,  and  at  any  rate  it  does  not  concern  the  British  population. 
Even  in  leprosy  districts  the  employment  of  English  human  lymph  would 
be,  so  far  as  leprosy  is  concerned,  as  safe  as  that  from  the  calf. 

There  can  be  no  doubt  that  vaccination  ought  to  be  postponed  when 
erysipelas,  scarlet  fever,  measles,  or  chicken-pox  are  prevalent  in  the 
neighbourhood  of  the  child's  residence,  or,  if  the  child  is  not  to  be 
vaccinated  at  home,  either  there  or  near  the  place  of  vaccination.  Here 
again  there  would  be  a  gain  if  the  home  was  more  often  the  place  of 
vaccination. 

It  would,  in  our  opinion,  be  an  advantage  if  the  postponement  of 
vaccination  were  expressly  permitted,  not  only  on  account  of  the  state  of 
the  child,  but  of  'its  surroundings  and  any  other  conditions  rendering  the 
operation  at  the  time  undesirable.  If  more  discretion  in  this  respect 
were  possessed  and  exercised,  we  think  untoward  results  would  become 
even  rarer  than  they  are. 

We  are  quite  alive  to  the  objections  which  may  be  urged  against  a 
prolongation  of  the  period  within  which  vaccination  must  be  performed. 
It  will  naturally  be  said  that  a  number  of  children,  who  otherwise  would 
be  protected  against  small-pox,  would  be  left  without  that  protection, 
and  would  thus  be  liable  to  suffer  from  the  disease  themselves,  and  be  a 
source  of  danger  to  others.  It  must  be  remembered,  however,  that  so 
long  as  children  cannot  walk,  the  risk  of  their  contracting  contagion  is 
less  than  if  they  were  able  to  move  freely  about  and  mix  with  other 
people,  and  that,  for  the  same  reason,  the  risk  of  their  conmiunicating 
•contagion  to  others  is  less.  We  cannot  trace  in  the  statistics  relating  to 
Scotland  any  grounds  for  believing  that  the  later  compulsory  vaccination 
age  which  prevails  in  that  country  as  compared  with  England  has  affected, 
to  any  substantial  extent,  the  general  small-pox  mortality  of  Scotland, 
though  no  doubt  it  may  have  led  to  some  deaths  among  children  under 
six  months  of  age  which  otherwifie  would  not  have  taken  place. 

We  have  already  shown  how  satisfactory  a  position  Germany  has 
-occupied  in  relation  to  small-pox  since  the  year  1874.  The  age  of  com- 
pulsion in  that  country  is  the  end  of  the  next  calendar  year  after  birth. 
It  is  true  that  re- vaccination  has  been  there  made  compulsory  as  well  as 
primary  vaccination ;  but  we  think  the  experience  of  Germany  is  not 
without  its  bearing  on  the  question  we  are  now  considering.  Wherever 
the  line  is  drawn,  whether  at  three  months  or  six  months,  it  will  always 
leave  a  class  of  unvaccinated  persons.  The  age  to  be  fixed  is  a  question 
of  policy  into  which  many  considerations  must  enter.  If  an  extension 
of  the  age  within  which  vaccination  was  required  rendered  its  untoward 


688  '  SUPPLEMENTARY  APPENDIX. 

incidents  fewer  in  nnmber,  and  diminished  hostility  to  the  operation,  it 
may  be  that  on  the  whole  it  would  promote  the  cause  of  vaccination,  and 
secure,  as  its  result,  that  the  number  of  vaccinated  persons  would  be 
greater  than  at  present. 

Meansy  other  thcui  Vaccination^  for  diminishing  the  Prevalence  of  Small-pax  ^ 
and  how  far  mch  nieanx  could  be  relied  on  in  place  of  Vaccination. 

Another  question  upon  which  we  are  asked  to  report  is,  what  means, 
other  than  vaccination,  can  be  used  for  diminishing  the  prevalence  of 
small-pox ;  and  how  far  such  means  could  be  relied  on  in  place  of 
vaccination. 

The  means,  other  than  the  inoculation  of  small-pox  or  cow-pox,  which 
have  been  referred  to  by  witnesses  as  being  capable  of  diminishing  the 
prevalence  of  small-pox,  are  such  means  as  have  been  employed  against 
infectious  diseases  generally  ;  they  may  be  summarised  as — (1)  Measures 
directed  against  infection,  e.g.^  prompt  notification,  isolation  of  the 
infected,  disinfection,  etc.  ;  (2)  Measures  calculated  to  promote  the  public 
health,  the  prevention  of  overcrowding  in  dwellings  or  on  areas, 
cleanliness,  the  removal  of  definite  insanitary  conditions,  etc. 

The  principle  underlying  the  practice  of  isolation  with  its  accompany- 
ing machinery  is  obviously  the  very  opposite  of  that  which  recommended 
the  practice  of  inoculation  ;  it  aims  at  exclusion  of  the  disease,  wherea» 
inoculation  aimed  at  universal  acceptance  by  artificially  '*  sowing  *'  or 
^*  buying  ^'  the  disease.  Except  in  regard  to  the  plague,  our  knowledge 
and  practice  of  measures  of  isolation  and  quarantine  against  epidemics  is 
of  relatively  recent  growth.  As  the  result  of  increased  knowledge  of  the 
mode  of  propagation  of  infectious  diseases,  of  greater  sanitary  activity^ 
and  under  the  stimulus  of  legislation,  organised  effort,  more  or  less 
thorough,  is  now,  in  this  as  in  other  countries,  directed  against  the  spread 
of  dangerous  infectious  diseases.  Side  by  side  with  a  vaccination  system, 
means  of  isolation,  etc.,  have  been  successfully  employed  to  check  the 
spread  of  sinall-pox.  They  have  also  l)een  sometimes  so  employed  in 
recent  years  in  places  where  vaccination  has  fallen  into  disuse. 

It  will  be  well  to  commence  with  a  brief  stiitement  of  the  growth  of 
our  knowledge  on  the  subject  of  isolation  as  a  means  of  dealing  with 
infectious  or  contagious  diseases.  We  liave  already  adverted  to  the  fact 
that  small-pox  is  highly  contagious,  and  that  contiigion  from  those 
Hufl'ering  from  it  is  the  means  by  which  the  disease  is  propagated. 

Although  reference  to  infection  appears  in  some  of  the  Arabian  writers, 
the  contagiousness  of  8mall-p<3x  attracted  little  attention  in  this  country 
and  in  western  Europe  until  the  eighteenth  century.  Sydenham  (1024-89), 
though  he  refers  to  the  contagiousness  of  small-pox,  did  not  dwell  upon 
the  matter,  and  did  not  regard  it  as  so  important  an  element  in  the  spread 
of  the  disease  as  some  peculiar  constitution  of  the  atmosphere  to  which 
he  attributed  epidemics.  Boerhaave  was  the  first,  at  the  commencement 
of  the  ci«,^hteenth  century,  distinctly  to  formulate  the  now  generally 
accepted  doctrine  that  small-pox  arises  only  from  contagion. 

In  172U,  ^lead  drew  up  an  elaborate  system  of  notification,  isolation, 
disinfection,  etc.,  in  view  of  a  threatened  invasion  of  the  plague  ;  but  no 
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attempt  to  deal  with  small-pox  in  a  similar  fashion  appears  to  have  been 
made  until  the  last  quarter  of  the  eighteenth  century.  This  was  in  all 
probability  largely  due  to  the  adoption  of  inoculation  as  the  recognised 
defence  against  small-pox,  and  the  acceptance  of  Sydenham's  doctrine 
of  epidemic  causation  may  have  exercised  an  influence  in  the  same 
direction. 

No  writer  appears  to  have  suggested  methods  of  isolation,  disinfection, 
etc.,  against  small-pox  prior  to  1763.  In  that  year  Rast  of  Lyons  published 
his  ^'  Reflections  on  Inoculation  and  Small-pox,  and  upon  the  means  which 
might  be  taken  to  deliver  Europe  from  that  malady.*'  He  maintained — 
(1)  That  small-pox  was  not  a  necessary  and  inevitable  malady  ;  (2)  That  it 
arose  only  from  contagion  ;  (3)  That  it  resembled  plague  in  most  of  its 
features.  His  conclusion  was  expressed  in  these  terms  :  ^^  I  say,  that  to 
"deliver  Europe  from  small-pox  we  must  act  upon  principles  directly 
"  opposed  to  inoculation  ;  far  from  multiplying  the  contagion,  we  must 
"  keep  it  away  by  taking  the  same  precautions  and  employing  the  same 
*'  measures  against  that  malady  as  have  proved  8<T  successful  against  leprosy 
"  and  the  plague." 

The  earliest  account  of  the  practical  employment  of  such  means  is 
from  Rhode  Island,  U.S.A.  Haygarth,  on  the  authority  of  Drs.  Moffat  and 
Waterhouse,  states  that  for  many  years  prior  to  1778  small-pox  had  been 
successfully  prevented  from  becoming  epidemic  there  by  regulations  for 
isolation  of  the  infected  on  a  neighbouring  small  island  specially  used  for 
that  purpose,  and  for  quarantining  infected  vessels,  destruction  of  infected 
clothing,  etc.  Moreover,  inoculation  was  discouraged  at  Rhode  Island, 
and  those  who  wished  to  be  inoculated  had  to  go  to  some  place  away  from 
the  Island,  and  were  not  to  return  until  there  was  no  danger  of  their 
infecting  others. 

A  passage  in  Dimsdale's  work  on  Inoculation,  published  in  1781,  shows 
that  in  some  towns  of  England  pest-houses  were  beginning  to  be  used  for 
small-pox.  In  1784  Haygarth,  of  Chester,  published  his  "  Inquiry  how  to 
prevent  the  Small-pox,"  and  in  1793  "  A  Sketch  of  a  Plan  to  exterminate 
the  Small-pox  from  Great  Britain." 

The  great  epidemic  of  smaU-pox  at  Chester  in  1774,  to  which  allusion 
has  already  been  made,  was  the  occasion  of  Haygarth's  first  attempts  at 
organised  dealing  with  epidemics  of  small-pox  with  a  view  to  preven- 
tion. In  his  "  Inquiry ''  he  combated  Sydenham's  doctrine  that  epidemics 
are  due  to  some  occult  condition  of  the  atmosphere,  and  argued  that 
smaU-pox  was  always  spread  by  infection  only.  He  further  maintained 
that  the  variolous  poison  could  be  carried  as  an  infection  for  a  little 
distance  only  through  the  air,  and  ^^  consequently  that  the  smaU-pox  may  be 
"  prevented  by  keeping  persona  liable  to  the  distemper  from  approaching 
"within  the  infectious  distance  of  the  variolous  poison  till  it  can  be 
"destroyed."  These  views  led  him,  upon  the  return  of  an  epidemic  in 
1777,  to  propose  a  plan  for  the  prevention  of  the  natural  small-pox,  and 
in  1778  a  society  was  formed  to  carry  out  the  plan  in  Chester.  The  plan 
consisted  on  the  one  hand  of  a  general  inoculation  at  people's  homes  at 
stated  intervals,  on  the  ground  that  the  inoculated  small-pox  was  far  less 
fatal  or  injurious  than  the  natural  small-pox,  and  on  the  other  hand  of 
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"  Rules  of  Prevention  "  based  on  Haygarth's  views  of  infection.     In  the 
report  of  the  Society,  called  shortly  **The  Small-pox  Society,"    dated 
September  1782,  it  is  stated  that  in  the  four  and  a  half  years  of  its 
existence  two  general  inoculations  had  been  held,  and  that  the  deaths 
from  small-pox  had  been  greatly  lessened.     Great 'difficulties,  boweyer, 
were  met  with.     "  A  large  proportion  of  the  inhabitants  **  refused  inocula- 
tion, and  a  large  proportion  also,  ''  being  fearless,  or  rather  desirous,  that 
their  children  should  be  infected  with  the  natural  small-pox/'  refuised  to 
obey  the  Rules  of  Prevention.     Hence,  though  the  same  report  states 
that  the   example  of  Chester  had  been  followed  by  Liverpool,   where 
'*  a  general  inoculation  was  successfully  executed  in  the  autumn  of  1781 
and  another  in   the  spring  of   1782,"   and    in  Leeds,  where  a   general 
inoculation  was  held  in  1781  and  another  proposed  in  1782,  with  such 
success  that  the  Royal  College  of  Physicians  in  Edinburgh  appointed  a 
committee  to  inquire  into  '*  the  modes  of  conducting  the  general  inocula- 
tions of  the  poor  "  thus  adopted  in  these  places,  the  plan  met  with  such 
difficulties  that  it  was  ultimately  abandoned.     It  will  be  observed  that  a 
general   inoculation   was  an   essential   part  of   the  plan   proposed  and 
carried  out  in  177K-82  ;  but,  writing  in  1784,  Haygarth  looked  forward 
to  being  able  ultimately  to  dispense  with  inoculation,  and  in  the  preface 
to  his  later  edition,  published  in  1 793,  he  states  more  definitely  that  the 
adoption  of  his  Rules  of  Prevention  without  any  general  inoculation 
might  exterminate  small-pox  in  some  country  other  than  Great  Britain. 
It  must  be  remembered,  however,  that  Haygarth  entertained  the  opinion 
that  the  infection  of  small-pox  could  not  be  carried  through  the  air  above 
about  half  a  yard,  and  that  no  one  could  be  infected  by  the  clothes  of  a 
person  visiting  a  small-pox  patient  provided  that  he  kept  beyond  this 
distance  from  the  patient.     It  is  obvious  that  if  this  had  been  established 
the  control  of  the  disease  by  isolation  would  l)e  a  much  simpler  matter 
than  it  really  is. 

In  the  .MriJiro-Chiruni'n'til  lit rnw  for  171^()  there  appeared  an  account 
of  a  work  l>y  Dr.  Faust,  of  Leipsic,  entitled  ''  An  Essay  on  the  Duty  of 
'•  Man  to  separate  persons  infected  with  the  Sniall-pox  from  those  in 
"  Health,  thereby  to  effect  the  extirpation  of  that  disease  equally  from 
"  the  towns  and  countries  of  Europe/'  in  which  it  was  argued  that  the 
first  person  ill  in  a  place  is  the  only  source  from  which  all  the  rest, 
perhaps  hundreds  and  thousands,  become  affected,  and  that  if  he  were 
put  immediately  into  a  situation  where  he  could  not  injure  by  contact 
those  who  ha<l  not  ha'l  the  disorder,  the  spread  of  the  disease  would  l)e 
prevented. 

In  the  sanje  Review  for  17IK»  appeared  an  account  of  establishments 
for  the  extirpation  of  small-pox.  The  failure  of  inoculation  to  attain  the 
desired  end  is  referred  to,  and  legislation  is  urged  to  facilitate  isolation. 
It  is  further  stated  that  in  171MI  the  Prussian  College  of  Physicians  re- 
ported favourably  to  the  King  on  the  project,  and  that  at  Hall>erstiidt  it 
had  been  resolved  to  establish  a  house  for  the  purpose.  At  Cote  d'Or  in 
France  a  similar  plan  had  been  tried  with  success. 

In  1 71>8  Jcnner's  "  Incpiiry  "  was  ])ublished,  and  in  the  early  years  of  this 
century  inoculation  began  to  ))0  discouraged  :  for  a  while  the  prospects  of 
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annihilating  small-pox  by  vaccination  appear  to  have  superseded,  in  the 
minds  of  many,  the  plans  of  Hay  garth  and  others.  Some  vaccinators, 
however,  like  Willan  and  Ring,  still  looked  to  methods  of  qoarantine  and 
to  national  and  municipal  regulations  promoting  isolation  to  exterminate 
the  small-pox. 

It  is  worthy  of  notice,  too,  that  Haygarth  himself,  in  a  letter  quoted 
by  Dr.  Cappe  of  York  in  a  conmiunication  to  the  London  Medical  and 
Physical  Journal  (vol.  iv.,  p.  421)),  dated  October  13th,  1800,  remarked, 
*'•  An  introduction  of  the  vaccine  still  more  than  of  the  variolous  inocula- 
tion would  effectually  promote  the  great  object  of  my  publications.'" 

Prior  to  the  year  1866  there  was  no  provision  made  by  law  for  enabling 
sanitary  authorities  to  establish  hospitals  for  infectious  diseases,  and  thus 
to  promote  the  isolation  of  such  cases.  The  only  institutions  of  that 
description  then  existing  were  the  result  of  private  effort.  So  far  as 
regards  small-pox  there  was,  practically  speaking,  no  provision  for  its 
treatment  by  means  of  isolation. 

The  Sanitary  Act  of  1H66  empowered,  though  it  did  not  compel, 
local  authorities  throughout  England  and  Wales,  Scotland  and  Ireland, 
to  provide  or  to  join  in  providing  isolation  hospitals  for  the  use  of  the 
inhabitants  of  their  districts.  There  was  further  legislation  on  the 
subject  by  the  Public  Health  Act,  1875 ;  the  Public  Health  (London)  Act, 
1891  ;  the  Public  Health  (Scotland)  Act,  1867  ;  and  the  Public  Health 
(Ireland)  Act,  1878,  into  the  details  of  which  it  is  not  necessary  to  enter. 
The  most  recent  Act  relating  to  the  matter  is  the  Isolation  Hospitals  Act 
of  1893,  which  applies  to  the  small  towns  and  rural  districts  of  England 
and  Wales. 

Stamping-out  Syntem  in  LeurMer. 

Leicester  suffered  severely  from  small-pox  in  1872,  346  deaths  having 
been  registered  as  caused  by  it.  Two  deaths  from  that  disease  occurred 
in  1873,  but  no  other  until  1877,  when  there  were  six,  and  one  in  the 
following  year.  The  next  year  in  which  small-pox  deaths  were  registered 
was  1881.  There  were  two  in  that  year,  and  ^s%  and  three  in  the  follow- 
ing years.  No  other  death  took  place  until  1892  and  1893,  in  which 
years  the  fatal  cases  numbered  21. 

Prior  to  1876  the  vaccination  laws  were  well  observed  in  Leicester. 
In  that  year  the  number  of  children  born  who  were  unaccounted  for  was 
only  some  4  per  cent.  Since  then  there  has  been,  as  we  have  seen,  a 
marked  and  progressive  decline  in  the  number  of  vaccinations,  especially 
since  1883,  until  at  the  present  time  80  per  cent,  of  the  children  bom 
remain  unvaccinated. 

The  borough  hospital  for  infectious  diseases  was  erected  in  1871-2 
outside  the  town  ;  though  within  the  last  few  years  houses  have  been 
built  in  proximity  to  it.  It  appears  to  have  been  with  Dr.  Crane,  the 
Medical  OflBcer  of  Health  in  1875,  that  the  quarantining  the  inmates  of 
an  infecte<l  house,  in  addition  to  isolating  the  patient,  originated.  His 
successor.  Dr.  Johnston,  established  it  in  1877  as  a  regular  system.  He 
was  aided  in  this,  after  1879,  by  the  notification  of  infectious  diseases 
then  rendered  compulsory  by  a  private  Act  which  Leicester,  anticipating 
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most  other  towns,  obtained  in  that  year.  Dr.  Johnston  reported  that  up 
to  18H4  the  Hpread  of  small-pox  from  imported  cases  had  been  arrested  in 
20  instances  by  the  means  he  adopted. 

His  successor,  Dr.  Tomkins,  though,  like  his  predecessors,  regretting 
the  increasing  disuse  of  vaccination,  bore  testimony  in  his  annual  reports 
to  the  efficacy  of  the  measures  adopted  in  Leicester,  and  expressed  his 
opinion  that  had  such  a  system  been  in  force  at  Sheffield  in  1887  it  woold 
not  have  suffered  in  the  way  it  did. 

In  IKl^  small-i)ox  became  prevalent  in  different  parts  of  £ngland, 
especially  in  Lancashire  and  Yorkshire.  Many  of  the  large  provincial 
towns  suffered,  and  Leicester  amongst  them.  There  were,  in  1892-3,  357 
cases  of  small-pox  in  Leicester,  of  whom  21,  or  5*8,  died  ;  193  households 
were  invaded,  containing  1234  persons.  The  first  importation  was  by  a 
tramp,  whose  disease,  passing  unrecognised,  caused  infection  at  a  common 
lodging-house  and  at  the  workhouse.  Eleven  other  importations  of  the 
disease  by  tramps  occurred  in  the  course  of  1892-3. 

Leicester  suffered  less  than  many  of  the  other  large  towns  which  have 
been  invaded  by  small-pox  during  recent  years,  both  in  the  number  of 
cases  and  in  the  number  of  deaths.     In  connection  with  this,  however, 
a  point  to  which  we  have  already  called  attention  must  be  borne  in  mind. 
The  disease  was  remarkably  slight  there  in  its  fatality,  even  as  regards 
those  who,  by  reason  of  their  age,  could  not  be  affected  by  the  change  of 
practice  in  relation  to  vaccination.     Dr.  Priestley,  the  Medical  Officer  of 
Health,  claims,  in  his  report  to  the  Sanitary  Committee  for  1893,  that 
it  was  by  reason  of  the  energetic  methods  adopted  that  the  disease  had 
been  prevented  running  riot  through  the  town.     His  claim  may  be  well 
founded.      At  all  events,   the  experience  of  Leicester  affords  cogent 
evidence  that  the  vigilant  and  prompt  application  of  isolation,  etc.,  even 
with  the  defects  which  were  brought  to  light  during  the  recent  epidemic, 
is  a  most  powerful  agent  in  limiting  the  spread  of  small-pox.     It  is  true 
that  the  system  and  appliances  which  appeared  adequate  for  some  years 
failed  to  prevent  a  serious  outbreak  of  small- pox  in  1892-1^.     We  think 
its  value  was  none  the  less  real. 

Stamphnj-tnit  ^yatein    in    London. 

In  the  Report  of  the  Royal  Commission  of  1 88 1.  already  alluded  to, 
suggestions  were  made  with  regard  to  notification  and  isolation  which 
have  since  been  largely  carried  into  effect.  As  we  have  said,  it  was  con- 
sidered proved  that  the  existing  small-pox  hospitals  had  caused  a  spread 
of  the  disease  in  their  neighbourhood.  We  cannot  but  think  that  this 
may  in  some  measure  account  for  the  greatly  increa.sed  mortsility  from 
smalI-iK)x  in  London  during  the  1H71-72  epidemic  as  compared  with  the 
rest  of  the  country.  It  is  true  that  the  statistics  relating  to  England  and 
AVales  outside  tlie  Metropolis  include  tho.se  of  other  large  towns  where  the 
same  evil  was  present :  but  it  probably  did  not  exist  there  in  so  aggravated 
a  form,  and  the  effect  may  be  neutralised  ))y  the  statistics  relating  to 
smaller  towns  and  rural  districts  with  which  they  are  combined.  This 
idea  lias  been  suggested  to  us.  as  the  result  of  the  inquiry,  how  it  has  come 
about  tliat  whilst  the  Metropolis,  in  the  decennium  1 807-70.  and  again 
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down  to  1885,  compared  so  unfavourably  with  the  rest  of  the  country,  the 
condition  has  since  that  date  become  so  entirely  changed  ?  We  think  it 
is  impossible  to  attribute  this  change  to  vaccination.  There  is  no  reason 
to  suppose  that  the  position  of  the  Metropolis  in  respect  to  vaccination 
has,  since  the  year.  1885,  become  superior  to  the  rest  of  England  and 
Wales :  rather  the  other  way,  as  the  decrease  in  infantile  vaccination  has 
been  greater  during  the  last  few  years  than  in  the  rest  of  England  and 
Wales.     The  change,  therefore,  must  be  due  to  some  other  cause. 

The  hospitals  which,  in  the  opinion  of  the  Commissioners,  were 
propagating  the  disease  in  their  neighbourhood,  were  in  operation 
down  to  July  1882,  when  their  Report  was  made.  In  1877  and  1878,  and 
again  in  1881,  small-pox  was  epidemic  in  London  to  a  considerable  extent. 

We  have  stated  in  detail  in  paragraph  471  *  the  steps  which  were  taken 
by  the  Metropolitan  Asylums  Board  in  consequence  of  the  recommenda- 
tions of  the  Royal  Commission.  It  will  be  seen  that  the  intra- urban 
hospitals  still  continued  in  use,  and  that  complaints  were  made  in  1884  that 
they  were  spreading  small-pox  in  their  vicinity,  although  the  number  in 
each  of  them  was  not  allowed  to  exceed  50.  In  October  1884  this  number 
was  reduced  to  25.  It  was  not,  however,  until  1885  that  the  system  now 
in  operation  was  inaugurated,  and  all  cases  of  small-pox  were  treated  in 
hospital  ships.  It  is  impossible  not  to  be  struck  with  the  fact  that  it  is 
since  the  year  1885  that  the  Metropolis  has  presented  so  satisfactory  an 
aspect  as  regards  small -pox  mortality.  The  ^ts  to  which  we  have  been 
calling  attention  certainly  seem  to  point  to  the  conclusion  that  this  has 
been  due  to  a  system  of  isolation,  well  organised  and  administered,  the 
beneficial  effect  of  which  is  no  longer  neutralised  by  a  spread  of  the 
disease  from  the  hospitals  in  which  the  isolation  is  carried  out. 

Upon  the  whole,  we  think  the  experience  of  London  affords  cogent 
evidence  of  the  value  of  a  sound  system  of  isolation  in  checking  the 
spread  of  smaU-pox. 

Stamping-out  System  in  Australia. 

The  experience  of  isolation  systems  in  Australia  is  interesting  and 
worthy  of  special  notice,  because  whilst  in  this  country  the  quarantining 
of  persons  who  have  come  in  immediate  contact  with  those  suffering  from 
small-pox  has  only  been  possible  with  the  consent  of  the  persons  whom  it 
was  proposed  to  subject  to  quarantine,  in  Australia  their  removal  to  a 
place  of  isolation  has  been  made  compulsory. 

Australia,  by  virtue  of  its  geographical  position,  and  the  consequent 
separation  by  long  sea  voyage  from  infected  ports,  enjoyed  for  a  long 
time  a  sort  of  natural  isolation.  Thus,  Hirsch,  in  his  *^  Historical  and 
Geographical  Pathology,"  vol.  i.,  pp.  133-4  (1881),  remarks  :— 

**  The  continent  of  Australia  up  to  1 838  had  enjoyed  an  absolute 
**  immunity  from  small-pox  ;  towards  the  end  of  that  year  the  disease 
*^  appeared  at  Sydney,  having  been  imported  probably  from  China  ;  it 
^^  lasted,  however,  only  a  short  time,  and  remained  absent  from  the 
**  continent  until  1868.  In  that  year  it  was  introduced  into  Melbourne  by 
'^  a  ship,  and  again  it  spread  only  to  a  slight  extent,  and  quickly  died  out. 

♦  Final  Report. 
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"  By  a  rigorous  inspection  of  ships  on  their  arriTal,  it  has  been  found 
**  possible  to  prevent  subsequent  importations,  a  notable  instance  of  pre- 
'*  vention  having  occurred  in  1872.  Tasmania  has  hitherto  quite  escaped 
**  the  disease  :  so  also  has  New  Zealand,  where  an  importation  of  it  in 
"  1872  was  prevented  by  strictly  isolating  a  vessel  that  had  arrived  with 
'*  small-pox  on  board." 

In  New  South  Wales,  Dr.  MacLaurin.  who  has  been  President  of  the 
Board  of  Health  since  1889,  informed  us  that  the  Government  act  on  the 
assumption  that  small-pox  is  an  exotic  disease,  and  that  every  case  must 
have  come  from  outside  the  colony,  and  it  is  therefore  dealt  with  under 
a  quarantine  Act  of  William  IV.,  originally  instituted  for  dealing  with 
cholera.     By  an  Act  passed  in  1882,  notification  of  small-pox  was  made 
compulsory  on  medical  men  and  householders  under  heavy  penalties.     At 
Sydney  notification  of  small-pox  is    followed  up  by  the  compulsory 
removal  of  the  patient  and  all  persons  who  have  been  in  the  house  with 
the  patient  to  the  quarantine  station  at  North  Head.     This  station  is  670 
acres  in  extent,  and  situated  on  the  peninsula  at  the  mouth  of  Sydney 
Harbour,  and  is  seven  miles  from  the  Health  Office,  with  which  there  is 
telephonic  and  telegraphic  communication.    The  persons  are  convejred  to 
the  station  by  a  steamboat  comfortably  fitted  expressly  for  the  purpose, 
and  no  difficulty  has  been  experienced  in  effecting  their  removal.     It  was, 
in  Dr.  MacLaurin's  opinion,  by  carrying  out  this  practice  of  isolation  and 
quarantine  that  *'  the  epidemic  of  1881-82  was  suppressed,*'  and  small-pox 
**  haH  never  become  epidemic  since  this  plan  has  been  adopted.*'    The 
persons  who  have  been  in  the  house  with  the  patient  are  detained  21  days 
in  quarantine  from  the  date  of  the  last  possible  contagion.     Should  a  case 
of  small-pox  arise  among  them,  those  who  had  been  in  contact  with  such 
infected  person  would  be  detained  for  a  further  period  of  21  days,  and  so 
on.     To  facilitate  this,  the  exposed  peraons  are  distributed  in  separate 
groupH  within  tbe  Htation.     They  are  allowed  to  receive  letters  or  parcels, 
etc.,  and  a  telegraph  oi>erator  is  employed,  "  whose  special  business  it  is 
'*  to  work  the  telegraph  at  their  request."      ''  ReJieonable  compensation  is 
'*  given  by  the  (iovernment  for  loss  ;  "  and  there  are  heavy  penalties  under 
the  original  .Act  whereby  the  quarantine  is  secured.    The  Htation  is,  acconl- 
ing  to  Or.  MacLaurin,  *'  a  pleasant  place  to  stay  in,  and  everything  is  done 
''  that  can  be  done  to  make  the  people  comfortal)Ie  :  they  have  nothing 
''  whatever  to  do,  and  arc  free  from  all  care,  and  they  can  spend  the  day 
''  pleasantly  enough  :  but  they  do  not  like  it."     Xo  one,  however,  raisen 
any  objection  to  tlie  Sydney  system  :  ''  the  people  are  all  very  sensible 
al>out  it.*'     In  all  Australian  towns  the  same  syntem   is  carried  out  as 
strictly,  with  the  result  that  there  was  not  acjiseof  small-pox  in  Australia 
on  Fel)rusiry  Tith,  IH'.K) ;  and  Dr.  MacLaurin  is  of  opinion  that  the  risk  of 
dying  of  smallpox  in  Australia  is  smaller  than  in  any  other  part  of  the 
world.     As  regards  vaccination  : — In  New  South  Wales  it  is  very  little 
practised  ;  there  is  no  compulsory  Act  ;  and  though  medical  opinion  is  in 
favour  of  it,  an  opinion  shared  by  Dr.  MacLaurin,  it  is  not  likely  that  a 
compulsory  Vaccination  Act  could  be  passed  or  would  be  tolerated.     The 
proportion  of  young  persons  in  New  South  Wales  who  are  not  vaccinate<l 
is  a(XordingIy  very  large  ;  probably  much  more  than  half  of  those  under 
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ten  years  of  age  are  un vaccinated.  Although  Dr.  MacLaurin  favourd 
vaccination  and  respects  it  highly,  he  is  satisfied  that  the  system  of  isola- 
tion as  sapervised  by  him  is  perfectly  successful.  As  President  of  the 
Board  of  Health  he  considered  it  his  business  to  produce  extinction  of  the 
disease  ;  he  does  not  consider  vaccination  a  sufficiently  absolute  protection 
for  such  purpose  ;  and  he  is  '^  fully  of  opinion  that  the  only  way  in  which 
*^  you  can  bring  to  an  end  an  outbreak  of  small-pox,  that  is  to  say,  bring 
**  it  under  control,  and  not  leave  it  to  work  itself  out,  is  by  notification 
*^  and  isolation.  Of  course,  in  any  small  community,  if  you  let  the  disease 
*'  in  it  will  work  itself  out  in  time,  because  all  the  susceptible  people  will 
^^  have  had  it ;  but  the  only  way  in  which  you  can  absolutely  control  an 
^*  epidemic  of  small-pox  is  by  a  system  of  notification  and  isolation." 

Small-pox  has  never  been  epidemic  in  Western  Australia.  Only  one 
case  has  occurred  within  the  last  31  years,  and  that  was  an  imported  one  ; 
quarantine  was  carried  out,  and  no  infection  occurred  ;  the  immunity  from 
the  disease  is  mainly  at  least  due  to  isolation.  Before  1879  vaccination 
was  not  generally  practised — a  great  majority  of  those  bom  in  the  (iolony 
were  unvaccinated  ;  in  that  year  a  compulsory  Vaccination  Act  was  passed 
in  consequence  of  Sir  H.  Ord  and  Dr.  Waylen's  representations,  and  in 
consequence  of  reports  of  small-pox  in  other  colonies,  and  not  on  account 
of  the  existence  of  small-pox  in  Western  Australia. 

In  Tasmania  there  was  a  compulsory  vaccination  law,  but  it  was  found 
to  be  inoperative  because  no  one  was  appointed  to  conduct  the  prosecu- 
tions, and  it  has  now  fallen  into  desuetude.  The  same  system  of  isolation 
and  quarantine  is  exercised  as  in  the  other  Australian  colonies.  Small-pox 
was  for  the  first  time  introduced  into  Tasmania  in  1887,  and  although 
preparations  for  isolation  were  inadequate,  the  disease  was  soon  stamped 
out.  Communication  between  Launceston  and  Melbourne  was  temporarily 
suspended,  and  to  this  precaution  the  non-invasion  of  Victoria  was 
attributed.  The  particulars  of  this,  the  first  introduction  of  small-pox 
into  Tasmania  during  the  history  of  that  colony,  are  to  be  found  in  a 
report  to  the  Central  Board  of  Health  by  Mr.  A.  Mault,  dated  Novem- 
ber 17tb,  1887.  The  origin  of  the  outbreak  is  not  clear,  but  it  was 
presumed  to  have  been  imported,  probably  by  a  ship  from  China,  into 
Launceston.  The  earliest  case  reported  to  the  Local  Board  of  Health 
was  on  September  23rd,  though  it  appears  that  earlier  cases  had  passed 
unnoticed,  or  had  been  notified  as  measles.  Thirty-three  cases  in  all 
occurred,  every  one  of  which  was  traced  to  direct  infection  from  the  first 
case.  By  September  27th  a  temporary  hospital  had  been  erected,  and 
thither  patients  and  suspects  to  the  number  of  72  were  removed.  The  last 
case  appeared  on  October  13th.  Other  persons  who  had  been  to  the  infected 
houses  were  isolated  in  their  houses  and  watched.  Only  four  of  the  47 
persons  quarantined  at  the  station  were  attacked.  The  clothing  was 
burnt,  and  very  thorough  disinfection  of  the  infected  houses  was  carried 
out,  and  the  dead  were  interred  in  a  special  cemetery.  The  other  colonies 
were  communicated  with,  and  quarantine,  at  first  unduly  rigid  and  after- 
wards relaxed,  was  practised  against  ships  proceeding  from  Tasmania. 
Although  vaccination  had  been  nominally  compulsory  in  Tasmania,  it  was 
estimated  that  two-fifths  of  the  population  were  unvaccinated. 
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Suggestefl  Stamping-out  St/steni  in  the  United  Kingdom. 

We  have  no  difficulty  in  answering  the  question,  what  means  other 
than  vaccination  can  be  used  for  diminishing  the  prevalence  of  Bmall-pox  ? 
We  think  that  a  complete  system  of  notification  of  the  disease,  accom- 
panied by  an  immediate  hospital  isolation  of  the  persons  attacked,  together 
with  a  careful  supervision,  or,  if  possible,  isolation  for  sixteen  days  of 
those  who  had  been  in  immediate  contact  with  them,  could  not  but  be 
of  very  high  value  in  diminishing  the  prevalence  of  small-pox.     It  would 
be  necessary,  however,  to  bear  constantly  in  mind,  as  two  conditions  of 
success  :  first,  that  no  considerable  number  of  small-pox  patients  should 
ever  be  kept  together  in  a  hospital  situate  in  a  populous  neighbourhood  : 
and  secondly,  that  the  ambulance  arrangement  should  be  organised  with 
scrupulous  care.    If  these  conditions  were  not  fulfilled,  the  effect  might 
be  to  neutralise  or  even  do  more  than  counteract  the  benefits  otherwise 
tiowing  from  a  scheme  of  isolation. 

When  we  turn  to  the  other  branch  of  the  inquiry,  how  far  such  means 
could  be  relied  on  in  the  place  of  vaccination,  we  find  ourselves  involved 
in  questions  of  a  much  more  complicated  nature.  We  have  little  or  no 
experience  to  fall  back  upon.  The  experiment  has  never  been  tried. 
The  nearest  approach  to  a  trial  of  it  has  probably  been  in  Australia.  But 
even  in  the  parts  of  that  country  to  which  we  have  alluded  the  population 
has  not  been  entirely  unvaccinated,  though  there  has  been  a  large 
un vaccinated  class  amongst  it.  Moreover,  in  applying  the  experience  of 
Australia  to  this  country,  two  things  must  be  borne  in  mind.  In  the  first 
place  small-pox  has  only  appeared  from  time  to  time,  introduced  from 
without  at  one  or  other  of  the  ports  of  the  country,  and  the  several 
colonies  of  which  Australia  is  composed  are  of  great  territorial  extent, 
with  few  large  centres  of  population.  In  this  country  small-pox  is 
always  present  in  some  part  of  it.  There  has  not  been  a  single  year 
without  several  deaths  from  the  disease.  Largo  centres  of  population 
are  numerous,  and  the  intercourse  between  them  constant.  In  the  several 
colonies  of  Australia  the  number  of  ports  is  not  great,  the  vessels  which 
enter  them  are  comparatively  speaking  not  numerous,  and  the  ports  from 
which  they  airive  are  many  days*  voyage  distant ;  and  there  are  careful 
arrangements  for  quarantining  vessels  to  exclude  disease.  The  shipping 
which  enters  English  ports  is  of  vast  quantity,  and  passengers  are  brought 
in  large  numbers  from  the  continent  of  Europe  not  only  daily,  but  it  may 
almost  be  said  hourly  ;  the  voyage,  too,  is  but  brief.  The  other  matter  to 
be  remembered  is,  that  part  of  the  Australian  system  is  the  comjnilAtjrif 
removal  to  quarantine  for  21  days  of  those  who  have  been  in  the  house 
with  the  patient,  in  addition  to  the  transfer  of  the  patient  himself  to  a 
hospital.  There  can  be  no  doubt  that  such  a  system,  if  completely  carried 
out,  would  be  of  the  highest  efficacy.  But  it  is  obvious  that  in  this 
country  the  practical  difficulties  of  working  such  a  scheme  in  the  large 
towns  would  be  really  insuperable,  to  say  nothing  of  the  difficulty  of 
procuring  legislative  sanction  for  it. 
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V^dliie  of  litohition. 

We  can  see  nothing,  then,  to  warrant  the  conclusion  that  in  this  country 
vaccination  might  safely  be  abandoned,  and  replaced  by  a  system  of 
isolation.  If  such  a  change  were  made  in  our  method  of  dealing  with 
small-pox,  and  that  which  had  been  substituted  for  vaccination  proved 
ineffectual  to  prevent  the  spread  of  the  disease  (it  is  not  suggested  that  it 
could  diminish  its  severity  in  those  attacked),  it  is  impossible  to  contem- 
plate the  consequences  without  dismay. 

To  avoid  misunderstanding,  it  may  be  well  to  repeat  that  we  are  very 
far  from  underrating  the  value  of  a  system  of  isolation.  We  have  already 
dwelt  upon  its  importance.  But  what  it  can  accomplish  as  an  auxiliary 
to  vaccination  is  one  thing  :  whether  it  can  be  relied  on  in  its  stead  is  quite 
another  thing. 

Even  admitting  fully  the  protective  effect  of  vaccination,  it  does  not, 
in  our  opinion,  diminish  the  importance  of  measures  of  isolation  or  dis- 
pense with  their  necessity.  We  think  that  steps  should  be  taken  to  secure 
a  more  general  provision  for  the  isolation  of  small-pox  patients  than 
exists  at  present.  We  have  already  called  attention  to  the  fact  that 
mischievous  results  are  likely  to  follow  the  use  as  a  small-pox  hospital  of 
a  building  situate  in  a  populous  place.  We  think  that  wherever  it  is 
placed  it  should  have  sufhcient  space  around  it  to  enable  the  sanitary 
authority  to  add  rapidly  to  the  accommodation  by  the  erection  of  tem- 
porary buildings. 

Compuhury  Provinion  nf  ImhiiUm  Ilmq/italH. 

Sanitary  authorities  are  now  sometimes  reluctant  to  provide  isolation 
hospitals.  We  think  that,  on  a  petition  by  a  prescribed  number  of  the 
ratepayers  in  a  sanitary'  district,  the  Local  Government  Board,  if  satisfied 
that  the  hospital  accommodation  ought  to  be  provided,  should  have  power 
to  make  an  Order  for  such  provision. 

Compuhory  Xotijiattion  of  Small-p<fX. 

We  think  that  notification  of  small-pox  should  everywhere  be  compul- 
sory, and,  whenever  the  disease  showed  a  tendency  to  become  epidemic, 
a  notice  should  be  served  by  the  sanitary  authority  upon  all  persons  in 
the  neighbourhood  who  would  be  likely  to  come  within  the  reach  of  con- 
tagion, urging  them  to  submit  to  vaccination  or  re-vaccination,  as  the  case 
might  be,  if  they  had  not  been  recently  successfully  vaccinated  or  re- 
vaccinated  :  and  attention  should  be  called  to  the  facilities  afforded  for 
their  doing  so.  Attention  should  also  be  called  to  the  importance  of 
avoiding  contact  with  persons  suffering  from  the  disease,  or  coming  into 
proximity  to  them,  and  of  avoiding  contact  with  any  person  or  thing 
which  may  have  become  infected.  It  is  important  to  notice  that,  even 
where  vaccination  has  been  neglected,  there  is  great  readiness  to  submit 
to  it  in  the  presence  of  a  threatened  epidemic  ;  a  large  number  of  vacci- 
nations are  then  obtained  willingly  and  without  opposition.    Whenever 
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a  sanitary  authority  has  received  notification  of  a  ca8e  of  small-pox^ 
we  think  the  fact  should  be  at  once  commanicated  to  the  vaccination 
authority  of  the  district  in  which  the  case  of  the  disease  has  occurred. 

HfguhttioHH  (iH  to    7'rampM,  Iitnuiien  uf  IjiKhfing-houHeH^   efr. 

Our  attention  has  been  drawn  to  the  circumstance  that  outbreaks  of 
small-pox  have  not  unfrequently  had  their  origin  in  the  introduction 
of  the  disease  to  common  lodging-houses  by  tramps  wandering  from,  place 
to  place.    In  view  of  this  we  make  the  following  recommendations  : — 

(i.)  That  common  shelters  which  are  not  now  subject  to  the  law 
relating  to  common  lodging-houses  should  be  made  subject 
to  such  law. 
(ii.)  That  there  should  be  power  to  the  local  authority  to  require 
medical  examination  of  all  persons  entering  common  lodging- 
houses  and  casual  wards  to  see  if  they  are  suffering  from 
small-pox,  and  to  offer  a  reward  for  prompt  information  of 
the  presence  of  the  disease. 

(iii.)  That  the  local  authority  should  have  power  to  order  the  keeper 
of  a  common  lodging-house  in  which  there  has  l)eeu  small- 
pox to  refuse  fresh  admissions  for  such  time  as  may  l>e 
required  by  the  authority. 

(iv. )  That  the  local  authority  should  l)e  empowered  to  require  the 
temporary  closing  of  any  common  lodging-house  in  which 
small -ix>x  has  occurred, 
(v.)  That  the  local  authority  should  have  power  to  offer  free 
lodgings  to  any  inmate  of  a  common  lodging-house  or  casual 
ward  who  may  reasonably  lie  suspected  of  l>eing  liable  to 
convey  small-pox. 

(vi.)  That  the  sanitary  authority  should  give  notice  to  all  adjoining 
sanitary  authoritieH  of  the  occurrence  of  small-jwx  in 
common   lodging-houses  or  ciisual  wards. 

(vii.)  Thiit  where  the  disease  o(rcui*s.  the  Pu])lic  Vaccinator  or  the 
Medical  Officer  of  Health  should  attend  and  vaccinate  the 
inmates  of  such  lodging-houses  or  wanls,  except  such  as 
should  Ik)  unwilling  to  submit  themselves  to  the  operation. 

]{t'lnxntiini   hf  th*     \  ni-i'niiitinn    L(ut:. 

After  careful  consideration  and  much  study  of  the  sulgect,  we  have 
arrived  at  the  concbision  that  it  would  conduce  to  increased  vaccination 
if  a  s(;hetne  could  be  devised  whicli  would  preclude  tlie  attempt  (so  often 
a  vain  one)  to  compel  those  who  are  honestly  opposed  to  the  practice  to 
submit  their  chiMren  to  vaccination,  and.  at  the  same  time,  leave  the  law 
to  operate,  as  at  present,  to  prevent  children  remaining  unvaccinated 
owing  to  the  neglect  or  indifference  of  the  parent.  When  we  S]>eak  of 
an  hone.st  opposition  to  the  practice,  we  intend  to  confine  our  remarks  to 
cases  in   whieh   the  objection  is  to  the  o[)eration  itself,  and  to  exchnle 
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cases  in  which  the  objection  arises  merely  from  an  indisposition  to  incur 
the  trouble  involved.    We  do  not  think  such  a  scheme  impossible. 

It  must  of  course  be  a  necessary  condition  of  a  scheme  of  this^ 
description  that  it  should  be  such  as  would  prevent  an  objection  to  the 
practice  being  alleged  merely  as  an  excuse  to  save  the  trouble  connected 
with  the  vaccination  of  the  child.  We  may  give  the  following  as 
examples  of  the  methods  which  might  be  adopted.  It  might  be  provided 
that  if  a  parent  attended  before  the  local  authority  and  satisfied  them 
that  he  entertained  such  an  objection,  no  proceedings'  should  be  taken 
against  him.  Or,  again,  a  statutory  declaration  to  that  effect  before  any 
one  now  authorised  to  take  such  declaration,  or  some  other  specified 
official  or  officials,  might  be  made  a  bar  to  proceedings.  We  do  not  think 
it  would  be  any  real  gain  to  parents  who  had  no  conviction  that  the 
vaccination  of  their  children  was  calculated  to  do  mischief,  to  take  either 
of  these  steps  rather  than  submit  them  to  the  operation. 

It  is  in  England  that  the  point  we  have  been  recently  discussing  is  of 
most  practical  importance,  but  if  our  suggestion  were  adopted  the  change 
should,  of  course,  be  made  in  all  parts  of  the  United  Kingdom. 

(Signed)        HERSCHELL. 

JAMES  PAGET. 

CHARLES  DALRYMPLE. 

W.  GUYER  HUNTER. 

EDWIN  H.  GALSWORTHY. 

JOHN  S.  DUGDALE. 

M.  FOSTER. 

JONATHAN  HUTCHINSON. 

FREDERICK  MEADOWS  WHITE. 

SAM.  WHITBREAD. 

JOHN  A.  BRIGHT. 

Bket  Ince, 
August  1890.  Secretar}'. 

The  undersigned  do  not  find  themselves  able  t<t  go  so  far  in  recom- 
mending relaxation  of  the  law  as  is  implied.  We  think  that  in  all  cases 
in  which  a  parent  or  guardian  refuses  to  allow  vaccination,  the  person  sa 
refusing  should  be  summoned  before  a  magistrate,  as  at  present,  and  that 
the  only  change  made  should  be  to  permit  the  magistrate  to  accept  a 
sworn  deposition  of  conscientious  objection,  and  to  abstain  from  the 
infliction  of  a  fine. 

We  are  also  of  opinion  that,  in  spite  of  the  difficulties  as  set  forth  in 
paragraph  533,^  a  second  vaccination  at  the  age  of  twelve  ought  to  be  mado^ 
compulsory. 

W.  GUYER   HUNTER. 
JONATHAN  HUTCHINSON. 

♦  Of  the  Final  RepDrt. 
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We  the  undersigned  desire  to  express  our  dissent  from  the  propoaal  to 
retain  in  any  form  compulsory  vaccination. 

We  cordially  concur  in  the  recommendation  that  conscientious  ob- 
jection to  vaccination  should  be  respected.  The  objection  that  mere 
negligence  or  unwillingness  on  the  part  of  parents  to  take  trouble  might 
keep  many  children  from  being  vaccinated  would  be  largely,  if  not  wholly, 
removed  by  the  adoption  of  the  Scotch  system  of  offering  vaccination  at 
the  home  of  the  child,  and  by  providing  for  medical  treatment  of  any 
untoward  results  which  may  arise. 

We  therefore  think  that  the  modified  form  of  compulsion  recommended 
by  our  colleagues  is  unnecessary,  and  that  in  practice  it  could  not  be 
carried  out. 

The  hostility  which  compulsion  has  evoked  in  the  past  toward  the 
practice  of  vaccination  is  fully  acknowledged  in  the  Report.  In  our 
opinion  the  retention  of  compulHion  in  any  form  will  in  the  future  cause 
irritation  and  hostility  of  the  same  kind. 

The  right  of  the  parent  on  grounds  of  conscience  to  refuse  vaccination 
for  his  child  being  conceded,  and  the  offer  of  vaccination  under  improved 
conditions  \mng  made  at  the  home  of  the  child,  it  would  in  our  opinion  be 
best  to  leave  the  parent  free  to  accept  or  reject  this  offer. 

SAM.  WHITBREAD. 
JOHN  A.   BRIGHT. 
W.  J.   COLLINS. 
J.  ALLANSON  PICTON. 

Xot^. —  Dr.  Collhts  and  Mr.  Picton  xign  the  ahtre  iwte  of  reseraitiofi, 
though  tht'i/  hare  not  signed  tlie  Report.  A  HUiteme.ut  of  their  groundn  of 
dfKxrnt/rom  the  jRfj/orf  lo'dl  h' found  in  the  form  of  tin  ApjH:ndi.r  (65  Ji*fgf^) 
to  the  Keport.     They  uiah'  thefollotriug  rn'onnu*nd*itious : — 

In  accordance  with  the  sulnhead  No.  2  of  the  reference  to  the 
OommiRBion,  we  would  Huggest  the  following  as  the  means  other  than 
vaccination  which  should  be  employed  for  protection  of  a  community 
from  small-pox  : — 

■ 

1.  Prompt  notification   of   any   illness    suspected   to   l)e   small-pox. 

Improved  instruction  in  the  diagnosis  of  small-pox. 

2.  A  hospital,  suitably  isolated,  of  adequate  accommodation,  in  per- 

manent readiness,  and  capable  of  extension  if  recjuired.  No 
other  disease  to  be  treated  at  the  same  time  in  the  same 
place. 

^.  A  vigilant  sanitary  staff  ready  to  deal  promptly  with  first  cases, 
and  if  necessary  to  make  a  house-to-house  inspection.  The 
medical  officer  of  health  to  receive  such  remuneration  as  to 
render  him  independent  of  private  practice. 

4.  Prompt  removal  to  hospital  by  special  iimbulance  of  all  cases 
which  cannot  l)e  properly  isolated  at  home.  Telephonic  com- 
munication between  Health  Office  and  hospital. 
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5.  Destruction  of  infected  clothing  and  bedding,  and  thorough  dis- 
infection of  room  or  house  immediately  after  removal  of  the 
patient. 

(5.  Daily  observation  (including,  where  possible,  taking  the  tempera- 
ture and  inspection  for  rash)  of  all  persons  who  have  been  in 
close  contact  with  the  patient  during  his  illness  ;  such  super- 
vision to  be  carried  out  either  in  quarantine  stations  (away 
from  the  hospital)  or  at  their  own  homes. 

7.  Closure  of  schools  on  the  occasion  of  the  occurrence  of  small-pox 

among  the  scholars  or  teachers. 

8.  Hospitals  and  quarantine  stations  to  be  comfortable  and  attractive, 

and  so  administered  as  to  secure  the  confidence  of  the  public. 
Hospital  treatment  to  be  free  to  all  classes,  and  compensation 
to  be  paid  to  those  detained  or  otherwise  inconvenienced  in  the 
public  interest,  at  the  public  expense. 

9.  Tramps  entering  casual  wards  to  be  medically  inspected,  their 

clothing  to  be  disinfected,  and  bath  provided.  The  measures 
for  detection  and  isolation  of  small-pox  in  common  lodging- 
houses  suggested  in  section  507  of  the  Report  to  be  carried 
out. 

10.  International  notification  of    the   presence    of    small-^iox,  and 

special  vigilance  at  seaports  in  communication  with  infected 
places,  after  the  plan  adopted  in  the  case  of  cholera. 

11.  Attention  to   general  sanitation — prevention  of  overcrowding. 

abundant  water  supply,  and  frequent  removal  of  refuse. 

They  conclude  as  follows  :— 

We  believe  the  methods  of  isolation  of  the  infected,  disinfection,  and 
the  observance  of  strict  cleanliness,  are  both  more  successful  and  more 
legitimate  methods  for  the  State  to  encourage.  They  have  the  advantage 
of  applying  the  preventive  only  where  it  is  required  ;  and  they  do  not 
necessitate  an  operation  upon  the  person  of  every  healthy  individual. 

We  therefore  recommend  that  the  law  be  amended  by  the  repeal  of 
the  compulsory  clauses  of  the  Vaccination  Acts.  But  in  consideration 
of  the  prevalent  belief  in  the  value  of  vaccination  as  a  prophylactic  for 
an  indefinite  period,  we  suggest  that  in  other  respects  the  law  should  be 
left  as  it  is,  subject,  however,  to  such  modifications  as  are  recommended 
for  the  diminution  of  attendant  risks.  The  precedent  established  in  the 
case  of  the  abolition  of  compulsory  church  rates  might  be  followed  with 
advantage.  In  that  case  all  machinery  for  laying  and  collecting  the  rate 
was  left  intact  though  the  power  of  enforcement  was  taken  away.  The 
effect  of  our  recommendation,  if  adopted,  would  be  that  vaccination 
would  continue  to  be  provided  as  at  present  for  those  who  desire  to  avail 
themselves  of  it,  but  efforts  to  secure  vaccination  would  be  limited  to 
moral  infiuence — in  a  word,  the  whole  country  would  be  in  the  position  of 
those  unions  in  which  the  guardians  have  abandoned  compulsion. 

The  grounds  on  which  we  object  to  the  enforcement  of  vaccination 
by  penalties  necessarily  lead  us  to  object   to  any  method  of  indirect 
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compulsion.  We  regard  as  both  inexpedient  and  unjust  exclusion  from 
any  branch  of  the  public  service  because  of  the  refusal  to  submit  to 
vaccination  or  re- vaccination.  The  injustice  is  perhaps  most  severely  felt 
in  the  case  of  candidates  for  employment  as  pupil- teachers  in  public 
elementary  schools.  There  are  now  districts  in  which,  owing  to  the 
general  opposition  to  vaccination,  scarcely  a  girl  or  boy  can  be  found  who 
is  legally  eligible,  and  candidates  have  to  be  brought  in  at  great  incon- 
venience from  surrounding  districts.  The  existence  of  an  exceptional 
case  or  cases  in  which  such  rejected  candidates  have  at  some  time  after- 
wards taken  small-pox  is  in  our  view  no  justification  for  the  continuation 
of  this  grievance.  Statistics  furnished  to  the  Commission  prove  that 
large  numbers  of  vaccinated  or  re- vaccinated  persons  have  taken  the 
disease ;  and  we  are  not  aware  of  any  evidence  to  show  that  vaccinated 
pupil-teachers  have  any  special  immunity.  If  our  recommendations  were 
carried  out,  the  danger  of  contagion  would  be  greatly  diminished  in 
Kchools,  as  elsewhere. 

On  the  whole,  then,  while  there  is  much  in  the  report  of  our  colleagues 
from  which  we  dissent,  and  we  have  accordingly  abstained  with  reluctance 
from  adding  our  signatures  to  theirs,  we  are  at  one  with  them  in  holding 
that  it  is  unwise  to  attempt  to  enforce  vaccination  on  those  who  regard  it 
as  useless  and  dangerous.  We,  however,  go  further,  and  agree  with  our 
colleagues,  Mr.  Whi thread  and  Mr.  Bright,  that  it  would  be  simpler  and 
more  logical  to  al)olish  compulsory  vaccination  altogether. 
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AbM's  condeoeer,  74 

Aberration,  chnimatip,  67 

spberioal,  67 
Abw-esH,  1 73 

Jchorinn  Si;honleitiii,  684 
Actinomycosis,  413—447 

bovie,  434 

cattle  to  cattle,  444 

callivalioji  of,  436 

hominis,  431 

in  cattle,  429 

ID  man,  426 

tranBrnisdoD    of,   from    mao 

lower  niiimnU,  443 
Agar-agar,  63S 
Air,  compressed.  24 
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Hesae's  method,  141 
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Petri's  „      142 
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Aniline  water.  617 
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M  in,  199 
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Antiseptics,  30 
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septic  infections,  63 

typhoid,  64 

Arthrospores,  19 
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Ascococcas,  14 

Billrothii,  498 

citreus,  498 

Ascomjcelea,  584 
Asiatic  cholera.  360 
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clavatoa,  588 

flavescens,  688 
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__  of  mice,  225 

of  swini;  plague,  351 

. of  'I'timmasoli,  527 

of  Utpadel,  527 

of  WinogradBky,  527 

•  ophthalram,  190 

.  ovatna  minutissimus,  527 
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Bacillus  oxjtocus  perniciosus,  527 

pestifer,  528 

phospborescens  gelidus,  528 

indicas,  528 

iodigcnus,  528 

plicatus,  528 

pneumoDisc  croaposaa,  233 

pneumosepticus,  528 

polypiformis,  628 

prodigiosus,  528 

proteus  fluorescens,  529 

pseudo'diphthcriticns,  529 

tuberculosis,  529 

pulpse  pyogenes,  529 

punctatus,  529 

putrificus  coli,  529 

pyocyaneus,  529 

pyogenes  foBtidus,  630 

—  soli,  630 

radiatus,  680 

aquatilis,  680 

ramosus,  631 

reticularis,  631 

rhinoscleroma,  411 

rosaceus  metalloidesi  631 

rabefaciens,  631 

rubellus,  531 

ruberj  631 

rubescens,  632 

rubidus,  532 

sanguinis  typhi,  532 

saprogenes,  532 

scissuH,  oS2 

septicRimiaB  hacmorrhagicro,  231 

septicus,  532 

acuminatuH,  533 

agrigeuus,  53IJ 

keratomolaciju,  533 

ulceris  gangnenosi,  533 

vesicae. 


—  sessiliK,  533 

—  smanigdino-phosphorcHcens,  533 
--  sniaragdinus  fcutidus,  534 

—  sol  id  us,  534 

—  spiniferus,  534 

—  spinosus,  534 

—  stolonatus,  534 

—  stolon  if  cms,  634 

—  striatus  albus,  634 
llavus,  634 


Bacillus  subtilis  similans,  536 

sulfureus,  636 

snperficialis,  637 

syphilis,  410 

tenuis  sputigenns,  637 

termo,  537 

tetani,  467 

thelassophilus,  537 

thermophilus,  537 

trcmelloides,  537 

tuberculosis,  378 

gallinanim,  402 


tumescens,  637 

typhi  abdominalis,  342 — 346 

murium,  859 

ubiquitus,  537 

ulna,  538 

vacuolosis,  538 

varlcosus  conjunctivas,  638 

venenosus,  538 

brevis,  638 

invisibilis,  538 

liquefaciens,  539 


BubHavus,  535 


subtilis,  53." 


ventriculi,  639 

vermicularis,  639 

vermiculosus,  639 

violaceus,  639 

laurentios,  539 

virescens,  539 

viridis  pallesccns,  539 

viscosus,  640 

Zumianus,  540 

liacteriaceae,  480 

Bacteria,  chemical  action  on,  25 

products  of,  39 

composition  of,  1 1 

distribution  of,  29 

form  of,  13 

growth  of,  23,  25 

in  cattle  pbigue,  296 

in  diphtheria  of  pigeons,  336 

in  di8tcmix>r,  358 

in  foot  an<l  mouth  disease,  300 

in  horse-pox,  312 

in  liquids,  83 

in  louping-ill,  463 

in  measles,  283 

in  pus,  176 

■  in  rabies,  460 

in  scarlet  fever,  262 

in  sheep-pox,  298 

in  small-pox,  2H5 
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Bacteria  in  vaccine  lymph,  324 — 326 

in  yellow  fever,  260 

microscopic  examination  of,  83 

nitrifying,  27 

pathogenic,  27 

saprogenic,  26 

stained,  85 

unstained,  84 

Bacterium  aerogenes,  540 

brunneum,  540 

fusiforme,  540 

gingivae  pyogenes,  540 

hyacinthi,  540 

hydrosalfureum  ponticum,  540 

litorenm,  540 

luteum,  540 

merismopedioides,  541 

navicula,  541 

photometricum,  541 

synzanthum,  541 

termo,  541 

tholoeideum,  541 

urese,  641 

violaceum,  541 

Zopfii,  542 

Beggiatoa  alba,  542 

roseo-persicina,  542 

BibUography,  639 
Bilious  fever,  183 
Biondi's  stain,  615 
Bismarck-brown,  617 
Blepharadenitis,  184 
Blood-serum,  113,  114,  119 
Borax  carmine,  617 
Botrytis  Bassiana,  588 
Bread  paste,  118 
Broncho-pneumonia,  183 
Broth,  118 

Bunge's  method  of  staining  flagella, 
92 


Camera  lucida,  621 
Cancer  bodies,  610 
Caoutchouc  caps,  626 
Caterpillars,  disease  of,  492 
Cattle  plague,  293—296 

tuberculosis  of,  389 

Cerebro-spinal  meningitis,  184 
Chemical  action  on  bacteria,  25 

disinfectants,  32—36 

products  of  bacteria,  39 


Chemiotaxis,  54 
Chionyphe  Carteri,  588 
Cholera,  360 

bacteria  of,  371 

comma  bacilli  of,  361—367 

diarrhoea   from  meat-poisoning. 

371 

dian'hcea  in  fowls,  373 

nostras,  370 

protective  inoculation,  369 

Ptomaines,  41 

spirillum  of,  361 

Chromogenic  bacteria,  25 
Cladothriceae,  480 
Cladothrix,  479 

dichotoma,  543 

Forsteri,  544 

intricata,  544 

invulnerabilis,  544 

Classification,  475,  487,  482,  481 
Clostridium  butyricum,  544 

foetidum,  545 

Coccaceae,  480 

Cocci,  485 

Coccidia,  609 

Comma  baciUi,  36^—367 

Cover-glass  preparations,  86 

Cow-pox,  274—282,  312—324,   326— 

328 
Crenothrix  KUhniana,  545 

D 

Dacryocystis,  184 
Damp  chambers,  628 
D' Arson val's  incubator,  631 
Davaine^s  septicaemia,  228 
De  Bary's  classification,  481 
Decalcifying,  93,  615 
Defensive  proteids,  57 
Deneke's  comma  bacillus,  367 
Desiccators,  638 
Diarrhoea,  choleraic,  371 
Diphtheria,  330,  182 

antitoxin  in,  58 — 62 

bacillus  of,  332 

in  milk,  338 

in  pigeons,  336 

LoflSer's  stain  for,  88 

I^omaines  of,  46 

Diplococcus,  14 

albicans  amplus,  647 

tardissimus,  547 


Diploc 


S4T 


citrcns    i 


inglomeratua. 


— -  lEquefaciens,  547 

fiuvui  Uquefainens  Uwiins,  547 

tuorEaucuH  (ml  id  as,  51 1 

inlonii-llulurU  meningitiilis,  54H 

■ — ~  liiteas,  5-lS 

pneunioniffi,  23;t— 23« 

of  lioraeR,  548 

rosenn,  54H 

Bubdavos,  Sii 

l)i*t«[iiper  3a  dOfH,  HSU 
Diop-aultarea,  1»> 
Duck  cholera,  230 
Dysentetj,  37^ 

£ 

EbacJ-'t  BolutioQ.  CIS 
Bgjplian  ophtlialmia,  ]90 
Ehrlich's  st^iaK  methixl,  H9 

iiiijbiiUiiii^,  ■i;i,  61S 
EmpnKa  muscx.  5M1 

radirains,  JihS 

Enilufporci,  18 
Enteric,  11,  S40 


Kry>i|i«liiB.  IWi— IHU 
KHMiarch'j)  roll-cult  11  riis.  113 


tlangrenr.  1S2 

I   «in3ch«niher.    27 

j   (lases  prodiipcd  lij  lacteriA,  2t 

'   Obmt  cells,  :17a 

'.   0lbb«»'B0lutioii,  OIX 

'   UUnilerB,  431 

I   bacilluR  ol,  4r.2 

I  Diallcin  in,  45* 

I  -—  [itomaine,  4H 
I  (ilycorinn  agar,  104 
j   (ilyccrinpgulatiiip,  CIO 

(ionocoucDB  oF  NeiDser,  1X9 
j   (ionorrhoBa,  189 
I   <Jrnm'ii  method,  W.  Hft,  117,  6It 

(irouae  ducBtc.  230 
K 

llieiaat<Hwca8b<)viv,  &4K 
iliuniBtoiuonn.1  camsHii,  6IIA 

cohitlfl,  mH 
nirmiitoivlifi.  fil- 
niomntaioii.  :"".'.  r.113.  590,  tifi.t 
nnnluning.  11:1,  IU5 
HcliiMibHcttrioni  atTogoin's 
IlnrprtrininnDs  Lewiai,  599 


549 


ntf> 


.in,  W 


fliBlorioal  intitxIuctioD,  1 

rTorsc.pox,  :m.  aia 

'    IlotoiramUtPnm,  36,  (;2:l 

I    Il.it  Kuicr  filter,  Wl 

i    Jlupppi's  1:  la* « drat  ion,  4N2 

,    iiispiHWitor,  01 

llydrnpliubia,  iiil* 


Klwh.ri...  473 

l''latn--nih:7,  IHI 
FlUioff's  <'1iu<sili 
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Klein's  micrococcus  of  pneumpnia,  238 
KleiocDberg's  solatioD,  616 
Koch's  comma  bacillus,  361 

postulates,  9 

serum  steriliser,  629 

steam  steriliser,  622 


Leprosy,  406 

bacillus  of,  407 

stamping  out  system,  409 

Leptothrix,  480 

buccalis,  649 

gigantea,  549 

Leuconostoc,  549 
Leukaemia,  184 

Light,  effect  of,  on  bacteria,  24 
Lister's  flasks,  128,  630 
Lithium  carmine  solution,  618 
Lbffler's  solution,  619 

stain,  88,  90 

Tx)uping  ill,  462 

bacillus  of,  463 

Lutesch's  stain,  91 

M 

Madura  disease,  447 

Magenta  solution,  618 

Malaria,  589 

Malignant  oedema,  220 

Mallein,  454 

Measles,  bacteria  in,  183,  283 

Media,  99 

Merismopedia,  14 

Methyl  violet,  619 

Methylene  blue,  618,  619 

Micrococcus  acidi  lactici,  550 

liquefaciens,  550 

aerogenes,  551 


Micrococcus  cereus  albus,  178 

flavus,  178 

cinnabareus,  652 

citrcus,  552 

concentricus,  553 

cremoides,  553 

crepuscnlum,  553 

cumulatus  tenuis,  563 

endocarditidis  rugatus,  553 

fervidosus,  563 

Finlayensis,  553 

flavus  desideus,  553 

liquefaciens,  554 

tardigradus,  564 


-  agilis,  551 
citreus,  551 


albus  liquefaciens,  551 

amylivorus,  551 

aquatilis,  551 

invisibilis,  551 

auranticaus,  551 

botyogenus,  552 

candicans,  552 

candidus,  552 

carneus,  552 

cerasinus  siccus,  552 


—  foetidus,  554 

—  Freudenreichi,  554 

—  fuscus,  554  >^ 

—  gingivae  pyogenes,  554 

—  gonorrhoeae,  190 

—  Havaniensis,  655 

—  in  abscess  in  rabbits,  666 

—  in  Biskra  button,  555 

—  in  gangrenous  mastitis  in  shee 

565 

—  in  infectious  pleuro-pneumon: 

656 

—  in  influenza,  555 
in  pemphigus,  555-6 


—  in  pneumonia,  236,  238,  666 

—  in  pyiemia  in  rabbits,  556 

—  in  septicaemia  in  rabbits,  666 

—  in  syphilis,  657 

—  in  trachoma,  190 

lactis  visoosus,  667 

luteus,  557 

—  melitensis  (Malta  fever),  567 

—  ochroleucus,  667 
plumosus,  557 

pneumoniae  crouposae,  236 

pyogenes  tenuis,  557 

— '■  rosaceus,  668 

—  rosettaceus,  658 

salivarus  septicus,  668 

stellatus,  588 

tetragenus.  668 

mobilis  ventiiculi,  568 

subflavus,  658 

versatilis,  668 


ureae  liquefaciens,  569 
versicolor,  659 
violaceus,  559 
viticulosus,  669 
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Micrometer,  80 
Microscope,  65,  612 
Microsporon  furfur,  586 
Microtomes,  94,  614 
Miescher's  tubes,  609 
Mildew,  581 
Milk,  120 

scarlatina,  265,  282 

tubercular,  291 

Miquers  bulbs,  129 

Moist  chambers  and  cells,  121 

Moitessier's  gas  regulator,  634 

Monads,  601 

Monas  Okenii,  560 

Vinosa,  560 

Warmingii,  560 

Mouse  favus,  586 
Movements  of  bacteria,  15,  24 
Muoors,  583 
MiiUer's  fluid,  616 
Myconostoc  gregarium,  660 
Myco-protein,  11 


Nature  of  soil  for  bacteria,  23 

Neelsen^s  solution,  89,  98,  619 

Niools*  stain,  92 

Nitromonas  of  Winogradsky,  560 

Nutrient  agar,  103 

Nutrient  gelatine,  100 

O 

Oidium  albicans,  586 

lactis,  584 

Tuckuri,  5H4 

Oil  immersion,  70 
Orseille,  619 

V 

Tarietti's  methwl,  14H 
rii«teur's  apparatus,  130 
Pathogenic  bacteria,  27 
Pebrine,  471 
Pediococcus  acidi  lactici,  5(i0 

cerevisiaj,  5G0 

Penicilliura  glaucum,  5KH 
Peronospora  infest  ans,  582 
Petri's  method  exam,  of  air,  142 
Pfeiffer  bodici*,  610 
Phagocytosis.  27,  55 
Photogenic  bacteria.  25 
Photography  of  bacteria,  150,  168 


Photo-micrographic  apparmtua,  621 

Phycomycetes,  582 

Phylaxins,  57 

Picric  acid,  619 

Picro-carmine,  619 

Picro-lithium  carmine,  620 

Pilobolus,  583 

Plague,  bacillus  of,  250,  252 

Plate  cultivations,  106 

Platinum  needles,  83,  616 

Pleuro-pneumonia,  239 

Pneumobacillus    liquefaciens     boris^ 

242,  660 
Pneumonia,  233—238 

ptomaines,  48 

Potash  solution,  620 
Potato  medium,  116 — 117 
Pouchet's  aeroecope,  143 
Preservation  of  preparations,  93 
Protectiye  inoculation,  49 

in  anthrax,  209 

in  cholera,  369 

in  rabies,  460 

in  sheep-pox,  298 

in  small-pox,  286,  293 

in  swine  erysipelas,  336 


Proteus  capsulatus  septious,  560 

hominis  capsulatus,  224 

in  gangrene  of  the  lung,  560 

microsepticus,  660 

mirabilis,  561 

septicus,  561 

sulfureus,  661 

vulgaris,  561 

•  Zenkeri,  r>G2 

Pseudo-diphtheritic  bacillus.  335 

Pseudo-diplococcus  pneumoniae,  562 

PsorosxK'rms,  609 

Ptomaines,  .'{9 

Pus,  bacteria  in,  176 

Putrefactive  bacteria,  26,  28 

IS';emia,  175 


Quarter-evil.  217 


Q 


U 


Rabies,  451>— 4C»2 
Kag-pickers'  septicaimiii,  2*J4 
'■    Kefraction,  65 
Relap.sing  fever,  257 
Reproduction,  1>< 
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Bespiration  of  bacteria,  22 
Bhabdomonas  rosea,  562 
Bhinoscleroma,  411 
Ringworm,  585 

8 
Saccharomyces  acidi  lactici,  580 

albicans,  579 

anomalus,  579 

apicalatus,  578 

aquifolii,  580 

cerevisije,  577 

conglomeratus,  678 

ellipsoideus,  577 

exig^as,  678 

glutinus,  579 

Hansenii,  580 

ilicis,  580 

Jorgensenii,  578 

Ludwigii,  580 

Marxianus,  580 

membranasfaciens,  680 

minor,  580 

niger,  680 

pastorianus,  578 

pyriformis,  579 

rosaceus,  580 

sphsericus,  579 

Safranine,  G20 
Sapraemia,  175 
Saprogenic  bacteria,  26 
Saprolegina,  582 
Saprophytic  bacteria,  27 
Sarcinse,  487 
Sarcina  alba,  562 

aurantiaca,  562 

Candida,  563 

flava,  563 

hyalina,  563 

intestinalis,  563 

litoralis,  563 

lutea,  563 

mobilis,  563 

pulmonam,  563 

Reitcnbachii,  564 

rosea,  564 

orinse,  564 

ventriculi,  564 

Scarlet  fever,  261 
Schizomycetes,  477 
Schlosing's  membrane  regulator,  632 
Sclavo's  stain,  91 


Septicsemia,  175 

of  calves,  227 

of  Davaine,  224 

of  guinea-pigs,  224 

of  mice,  226 

of  rabbits,  228 

of  rag-pickers,  224 


Semm  therapy,  56 

Sheep-pox,  297 

Small-pox,  182,  284-293,  32G 

Smnt,  581 

Soil,  examination  of,  144 

Sozins,  57 

Sphaerotilus  natans,  664 

Spirilla,  495 

Spirillum  amylifemm,  564 

anserum,  564 

attenuatum,  564 

aureum,  564 

cholerse  Asiaticae,  361 

choleroides,  565 

conoentiicum,  565 

dentium,  565 

Finkler  and  Prior,  25» 

flavescens,  566 

flavum,  565 

Glinther,  566 

leucomelaneum,  565 

linguae,  565 

marinum,  566 

Metchnikovi,  373 

Miller,  566 

nasale,  566 

Neisser,  666 

Obermeieri,  268 

pUcatile.  466 

Benon,  566 

rosaceum,  566 

Bosenbergii,  566 

rubrum,  569 

rufum,  566 

rugula,  567 

sanguineum,  567 

saprophiles,  667 

serpens,  568 

Smith,  566 

sputigenum,  568 

suis,  568 

tenue,  568 

tyrogenum,  568 

undula,  568 

volutans,  568 
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flpirocliiBtie,  r.9Q 
Bpirnroouiui  Onbitll.  669 

vijlubilis,  AM 
Spantaaeoax  generution, : 

Htoining  spore)'.  !N> 


HU<\.l 


-.  H 


eeroiw  albns,  17H,  ^2* 

flavuB,  17M 

pyogenes  albus,  178 

aureus,  170,  324 

citreus,  178 

pjOBepticns,  66il 

salivarius  pyogenes.  669 

viriilii  flavescens,  CG9 

Htemberg'B  bulbs,  12H,  6il0 
Streptococone,  14 

ocidi  Inctici,  S69 

albuB,Clj9 

bombjdH,  472 

breriB,  iS6ii 

uadHVBria,  fiTO 

wilt  grncilin,  sTi'i 

cwngluineratuii,  GTO 

Unvui  -dflaidens,  570 

pgimtous  urothrrr,  670 

HB»aoiouBi«, 


670 


671 


mtUKioii 


nitUiK 


-  in  xtmnK'uir  ''>71 

-  llquerncicnH.  571 

-  mirabilis,  ■'i71 

-  of  Doni'ion,  571 

-  »f  erytii|w1a)i.  I^'.'i. 

-  Ill  Manni!bi>r>t.  671 

-  jiemiciiMiiH  [wiltiin 

-  pyi^neii,  H't-lKl 
~  railintiiH,  67:! 

.■pt.ithrii.  Iil6 
-  lU'tinoniycroticn.  V.i 


Btreptothrix  Forsteri,  r>7S 

Hoffmanni,  573 

liqaefacienB.  673 

Madnrie,  449 

nmBcolorum  BQifi,  67.3 

odorifera,  575 

\io!a«ia.  S73 

Kobnuge  condenser,  74 
tiuppu  ration,  4H 
SDixical  fcvor,  IbS 
8nnm,  69:t 
Snino  or^Bipclaa,  361 

fever,  4ei  227  * 

meafl!««,  364 

Syphilis,  183,410 


Tftricliium  meftaaiiermuiu,  Bh 
Tcmpcratutc  for  bacterin,  S4 
Ti'Bt-tubc!  cuUivBtiunB,  103 
TetanoK,  467 


Tozalbumina,  X* 
Traolioma,  412 
Trenlniuinn'ii  qfiiti,  91 

Trichomonas,  607 


Tylihoid.;t40 
Typhus.  259 


Uti'lulina  rauiin 


rr(.,id,.rr.>i.-l 

--  Miiiidoxi.  .i74 
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Urocystis  occulta,  581 
Ustilago  carbo,  581 


Weige^*8  stain,  296 
Wort  gelatine,  104 


Van  Ermengen's  stain,  91 
Vegetable  infusions  as  media,  120 
Vesuvm,  620 
Vibrio  rugula,  574 

W 

Warmstage,  123,  124 
Water  bath,  624     . 
examination  of,  145 


Xylol,  616 


Yeasts,  577 

Yellow  fever,  182,  259 

Z 

Zooglea,  13 

Zqpf *s  classification,  480 
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